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Y and A), for areas of ore already mined, for 

dip of the vein, and for the angular relation 

of the vein to the section. Vein strands in 

the hanging wall of block I have been added 

to the main vein. No area of fluorspar has 

been assigned to the pillars above the number 

I underground workings. The area to the east 

of block BB, on the east end of the known vein, 

represents a good exploration target, but it 

cannot be given any value in the current cal­

culations of indicated ore reserves. 

In the following table, visual estimated 

of "65% plus" in caF
2 

by Western Fluorspar's 

consultant, Charles Sewell, are shown as 

65(e) and 28(e) Si0 2 . Width of fluorspar 

is in feet, normal to the vein. Volume of 

each block is in cubic feet. 

PINCOCK, ALLEN & HOLT, INC. 
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BLOCKS IN SECTION A-A' 

Block Width 

CaF 2 % Si02 % Volume Feet3 

Al 2.8 ft. 57.98 35.20 4,600 

A2 2.3 50.76 42.34 15,000 

B 6.1 63.50 30.70 42,700 

C 2.5 21.56 65.80 33,100 

D 3.8 72.03 21.64 80,400 

E 2.0 42.37 53.22 24,400 

F1 6.1 74.83 22.28 115,900 

F2 8.0 79.29 16.20 176,000 

G1 4.7 83.56 12.00 98,700 

G2 3.5 66.75 26.40 52,500 

G3 5.0 75.23 21.30 70,000 

G4 5.3 59.22 33.00 80,100 

HI 1.9 21.03 73.43 30,400 

H 2 1.1 39.77 55.12 19,800 

H3 2.2 81.76 14.24 52,800 

H4 2.0 56.60 37.46 26,000 

H5 2.8 61.79 32.40 56,000 

H6 2.6 90.24 8.50 67,600 

I 1a 9.6 41.31 50.08 79,200 

lIb 4.5 45.50 47.29 69,300 

12 6.3 . 66.20 27.79 105,900 
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Block ~vidth Grade 

caF2 % Si02 % Volume Ft3 

I3 7.6 77.23 18.39 79,800 

J 8.9 80.23 14.80 78,300 

Kl 9.0 6S(e) 28(e) 64,400 

K2 5.0 6S(e) 28(e) 24,400 

K3 8.0 6S(e) 28(e) 28,600 

K 4 
3.0 6S(e) 28(e) 21,500 

L 2.0 6S(e) 28(e) 26,700 

Ml 5.1 77.68 20.60 47,800 

M2 4.0 72.88 21.92 113,900 

M3 4.5 75.42 23.56 35,200 

N1 10.4 44.18 46.64 93,900 

N2 8.3 44.62 51.60 137,000 

° 6.9 80.80 16.76 144,900 

p 3.5 79.92 17.00 272,300 

Q 7.3 84.51 9.17 208,100 

R 9.1 65.10 29.99 302,800 

S 3.2 35.91 61.18 46,400 

T 8.9 61.76 30.56 152,100 

U 6.2 77.76 19.60 46,500 

V 12.9 6S(e) 28(e) 297,200 

t'J 4.6 6S(e) 28(e) 117,200 

X 6.7 6S(e) 28(e) 316,600 
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Block Width Grade 

CaF 2 % Si02 % Volume Ft3 

y 3.5 65(e) 28(e) 92,400 

Z 7.7 65(e) 28(e) 292,600 

AA 6.2 65(e) 28(e) 342,200 

BB 10.0 91.68 4.77 825,000 

TOTAL VOLUME 25,508,200 
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The total volume in all blocks, with 

widths ranging from 1.1 to 12.9 feet and 

grade ranging from 21.03 to 84.51% CaF 2 

is 5,508,200. 

Divided by the tonnage factor, 12.5, the 

blocks total 440,656 tons. For a tonnage 

factor explanation, see topic 4 on this 

appendix. 

The volume of blocks having less than 3.0 

feet width and/or less than 40% CaF 2 (blocks 

A, C, E, H, L, and S) is: 

2.8 Ft. 57.98% caF 2 
4,600 

2.3 50.76 15,000 

2.5 21.56 33,100 

2.0 42.37 24,400 

1.9 21.03 30,400 

1.1 39.77 19,800 

2.2 81.76 52,800 

2.0 56.60 26,000 

2.8 61.79 56,000 

2.6 90.24 67,600 

2.0 65(e) 26,700 

3.2 35.91 46,400 

ft 3 
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Total of all low grade and/or thin blocks: 

(402,800 Ft3 ) = 32,224 tons 

With the low grade block "s" plus 8 of the 

11 remaining thin blocks calculated with adja­

cent waste rock to a mining width of 3 feet 

(blocks C, HI and H2 omitted as too low in grade 

at a 3 foot mining width), the minable tonnage 

in the thin blocks is (396,544 Ft3 ) = 31,724 tons. 

Total vein 

Tonnage 

and H
2

: 

440,156 Tons. 

Working estimate, within nearest 5%, minable 

are: 450,000 tons, excluding the inferred tonnage 

to the east of block BB for which open pit mining 

is proposed. 

2. Grade of Ore 

Grade in place is based only on minable blocks 

at greater than 3 foot width for which assays are 

available. A weighted average is used for each 

PINCOCK, ALLEN & HOLT, INC. 
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block. A small error involved in taking wall-

rock in the thinner blocks is considered to be 

balanced by the error in estimated grades of 

65% (e) • 

Weigh of minable 

1.8% CaC03 

1.2% undetermined 

Average grade with 15% wallrock (silica) dilution: 

72/1.15 = 63% CaF 2 

(26) (1.15) = 29% Si03 

Nominal 1% caC03 , 

Nominal 7% undetermined (mostly alumina 
in wallrock) 

PINCOCK, ALLEN & HOLT, INC. 
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3. Classification of Reserves 

The reserves in this report are classified 

as indicated ore in the "measured, indicated 

inferred" system used by t.he u.s. Bureau of 

Mines and by many mining companies. Indicated 

ore is: "tonnage and grade are computed partly 

from specific measurements, samples, or produc­

tion data and partly from projection for a 

reasbnable distance on the basis of geologic 

evidence. The sites available for inspection, 

measurement, and sampling are too widely or 

otherwise inappropriately spaced to permit the 

mineral bodies to be outlined completely or the 

grade to be established throughout." Heasured 

are would be so closely sampled in trenches, 

workings, and drill holes that the accuracy 

limits will not " ... be different from the 

computed tonnage by more than 20 percent". 

Inferred are is based on geologic knowledge of 

a deposit (or portion of a deposit) for which 

few, if any, samples are available. 

In the "proved, probable, possible" system 

used by some mining companies, the reserves in 

this report would be classified as "probable", 
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a more flexible term indicating that the tonnage 

and grade are "computed partly from geologic 

projection and are based on evidence from widely 

spaced drill holes". 

As shown in Figure 5 -4, there is at least 

one drill hole, mine face, or sample trench for 

each ore block. Still, none of the blocks are 

so closely sampled that they can be classified 

as "measured" or IIproved". The lower limit of 

each block is based on a geologic observation 

that the ore changes into a system of silica­

rich and fluorite-poor veinlets when the hanging 

wall of the vein passes downward from hornfels 

or argillite and light gray thin bedded quartzite 

into massive red 

the two vein 

with silica 

may be vein 

zite that are fa 

one of 

quart­

re both walls 

s filled 

there 

massive red quart-

. e to fluorspar at greater 

depth than shown on section A-A', the diminution 

of fluorite at this contact must be used as a 

working assumption. On the geologic section A-A' , 

PINCOCK, ALLEN & HOLT, INC. 
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the lower limit of the fluorspar is shown as the 

contact between the "Upper Member" and "Hiddle 

Member" of the Dripping Spring Quartzite Forma­

tion. This wording is convenient but is not 

stratigraphically correct inasmuch as the con­

tact between the two members is stratigraphi­

cally above the gray quartzite, at the base of 

the argillite-hornfels series; the designation 

is appropriate however, as far as the bottom 

limit of the ore is concerned. 

Drill hole No. 8 has provided a test for the 

bottom of the ore.. It intersected a 5.2 foot 

silica vein in the massive red quartzite below 

the No. 1 mine portal. Number 7 drill hole 

intersected a void near 

graphic 

T-14 do not 

working 

reserve 

the 

now in 

strati­

T-Il and 

If either or both 

holes intersect fluorspar, the detailed 

estimate of 430,252 tons will be strengthened 

by 20,000 to 40,000 tons, which still keeps a 

PINCOCK, ALLEN & HOLT, INC. 



79 

working figure of 
reserve 

" or "proved" 

.· .. trenches, 

vein. 
require 15 to 18 additional 

holes, but they can be non-core holes drilled 

at less expense than core holes. 

The confidence limit for indicated tonnage 

and grade is generally expected to be about 70%. 

This allows for undetermined waste or thicker 

ore zones, structural complications, and errors 

in projection. With the existing indications of 

good fluorspar mineralization down to the top of 

the red massive quartzite on the hanging wall 

(south) side of the vein and with indications 

that the lithology of the footwall (north) is 

not so critical, the 70% confidence figure can 

apply here. Several sources of error 

context, the 

S, depending 

out less 

drilling. The average 

PINCOCK, ALLEN & HOLT, INC. 
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CaF 2 
mined grade, by the general 70% confidence 

figure, could range from 44% to 82%; it is, 

however, less likely that the average grade 

for the deposit will reach these limits even 

under the most extreme conditions_ A better 

confidence figure on grade would be 85%, with 

the expected average grade at 54% to 72% caF 2
-

A lower-confidence classification, inferred 

ore, is hard to quantify. There is, as mentioned, 

the possibility that ore shoots may go deeper than 

anticipated, into the massive red quartzite. There 

is also the chance that some of the low grade and 

thin blocks 

serves. 

ore extend 

of 

on 

These 

re-

sibility that 

The effect 

clear. In the decline 

the ore increases slightly 

in width below . the diabase; in the open cut work­

ings on Site 4, however, the diabase did not seem 

to reduce the width of the ore. Holes T-lO and 

T-12 penetrated good thicknesses of fluorspar in 

the quartzite very close to the diabase contact; 

PINCOCK, ALLEN & HOLT, INC. 
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this indicates that the vein was not weakening 

near the diabase. Inasmuch as the projected 

upper contact of the red massive quartzite 

should dip to lower levels to the east, this 

is a zone of "inferred" ore to a greater depth. 

If the vein continues for 1000 feet to the east 

of T-IO at the same or greater bottom depth, 

this could provide an additional 30% of reserves. 

Taken with the indicated ore, this would amount 

to 600,000 tons for the entire deposit. Actually, 

there is no good reason for limiting the vein at 

1000 feet to the east. There is no information. 

Prospecting opportunities to the east of pro­

posed T-K, T-L, and T-M holes and sites cannot 

be stated until the T-K holes are drilled. 

4. Tonnage Factor 

Ore in the McFadden Peak vein, with 15% wall-

rock dilution average: 

63% CaF 2
, 

PINCOCK, ALLEN" & HOLT, INC. 
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Practice in similar vein-type fluorspar 

deposits has been: (Source Allied Chemical Corp. ) 

Bishop's Cap N.M. at 42% CaF 2 ' 12 3 Ft /Ton 

Animas, N.M. at 50% CaF
2

, 12 Ft3/Ton 

Lyda K, N.M. at 47% CaF 2 ' 13 Ft3/Ton 

Considering the lower grade of the New Mexico 

veins, a working figure of 12.5 Ft3/Ton is on 

the conservative side for a calculation of indi-

cated reserves. Porosity of the McFadden Peak 

ore is not uniformly distributed, the ore ranges 

from massive (porosity almost zero) to vuggy and 

crustiform. Weighing of broken spar or density 

measurements on single massive chunks of spar 

would not be representative. A more representa-

tive tonnage factor can be obtained by weighing 

several large chunks of spar or measuring the 

volume of a new advance in the vein, estimating 

losses in handling fine "sugarll spar at the 

loading ramp, and recording the vleight of spar 

received from this advance at the mill. This 

can be done as soon as the underground workings 

are extended into new ground; workings at the 

present time are too irregular and are in caved 

ground involving spar and wallrock. 

PINCOCK, ALLEN & HOLT, INC. 
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Exploration 

The vein structure continues to the east of hole T-IO, 

but it is entirely under soil cover and untested. The fault 

structure containing the known vein extends eastward to the 

Globe-Young highway, but it does not appear to contain fluor­

spar at that point. The uninvestigated part of the structure 

amounts to 3000 feet of strike length. 

Judging from the increase in easterly dip of beds exposed 

near T-IO, the favorable wallrock should extend to greater depth 

than in the known area; this increase in dip reflects the presence 

of the Sierra Ancha monocline. The proposed holes at sites K, L, 

and M will test the mineralization to the east of T-IO and to a 

depth of 250 feet or more below the surface. If some of these 

holes intersect a good width and grade of fluorspar, then the 

exploration drilling program further to the east will be warranted. 

Geophysical and geochemical exploration are not recommended 

in the area to the east of T-IO. Electrical and electromagnetic 

methods would indicate the position of the structure, but this 

can be determined well enough from Sites K, L, and M to place 

additional drill holes. Geochemical work would be of little value 

in the thick slope wash that covers the vein; groundwater seeps 

could be sampled for fluorine, but no seeps are known at present. 

PINCOC~ ALLEN & HOLT, INC. 
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Geologic exploration for extensions of the McFadden 

Peak vein to the west toward Tonto Basin and further to the 

east toward Cherry Creek, will be warranted in the future. 

This type of exploration, actually prospecting, is not recom­

mended until work is completed on the known deposit. 

One final comment on exploration and drilling is needed. 

Drill core is too important and valuable to leave in its present 

unprotected location at the property. Drill core is the basis 

for all decisions on future plans and is a critical element in 

the review of the property by interested parties or potential 

partners. 

It would be good to ship the core to Phoenix or Tucson 

for storage in self-service storage lockers. A suitable storage 

unit would cost $13 to $20 per month, a relatively small cost 

considering the cost of obtaining the core and the potential 

damages that can be done by moisture in an open shed. 

PINCOCK, ALlE1~ & HOLT, INC. 
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6. MINING METHODS 

As the property is located in a National Forest and 

approximately 75% of the minable area is visible from State 

Highway #288, compliance with environmental regulations is 

magnified. 

Regulations state that "all operations must be con-

ducted, so far as feasible, to minimize adverse environmental 

impacts on the National forests, and take into consideration 

requirements for meeting Federal, State and local air and 

water quality standards and solid waste disposal, harmony 

with scenic values, protection of fish and wildlife habitats, 

and minimization of road construction damage". 

A plan of operations must be filed with the u.S. Forest 

Service to "show what steps the operator will take for feasible 

rehabilitation of the area when prospecting or mining is completed". 

"The plan of operations must be approved by the authorized forest 

officer before any operations are conducted." 

Preliminary contacts with u.S. Forest Service personnel 

have been amiable and permission was immediately granted to drill 

diamond drill holes from relatively open drill sites. Twelve 

additional holes have since been completed after posting a $500 

bond. The relationship continues to be favorable for the explora-

tion phase of the project. 

" " ~" . 
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The vein is tabular, averaging 5.0 feet in thickness and 

dips approximately 70 0 south. It is a strong and persistent 

structure. The depth of the deposit is variable and ranges 

from zero on the western end to an unknown horizon at the 

eastern extremity (within the property end lines). 

The ore is blocky and fractures readily. Generally, 

voids or fault gouge form the contact with foot and hanging 

walls allowing the vein material to fall of its own weight 

when undercut. 

A combination of surface and underground mining is 

proposed for maximum ore extraction. 

Surface Proposals 

The poteritial surface mining areas consist of the two 

extremities of the deposi t and are designated as "vlestern Sector" 

and "Eastern Sector", respectively. 

Underground Proposals 

The potential underground mining area is comprised of 

the central zone and is designated as "West Central" and "East 

Central", respectively. 

PINCOCK, ALLEN" & HOLT, INC. 
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Surface Mining 

1. The Western Sector extends from Coordinate 4900-E 

to Coordinate 5500-E where the deposit is shallow and it is 

considered impractical and too costly to extend the underground 

level 600' and then drive necessary extraction raises in waste 

to capture the estimated 12,012 tons of minable ore. 

The Western Sector has an average width of approximately 

3.3 feet. This vein width does not lend itself to open pit 

mining methods. A minimum bottom width of 20 feet would have 

to be mined. When waste material in the slopes is added, waste/ 

ore ratios could approach 30 to 1. In this area, all material, 

both waste and ore, would have to be drilled and blasted. 

For the above reasons, the small tonnage of ore in this 

sector is not considered to be economical for mining by either 

open pit or underground methods. 

2. The Eastern Sector extends eastward from Coordinate 

10880-E to the limits of the vein or property line, whichever 

occurs first. A study of diamond drill cores, particularly 

for drill hole Nos. T-lO, T-12 and T-14, and the possibility 

of ore blocks eastward from vJN-8 and WN-9 revealed that the 

incompetent hanging wall diabase and underlying fractured 

quartzites may be stripped to expose and mine the steeply 

PINCOCK, ALLEN & HOLT, INC. 
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dipping fluorspar vein to elevation 5690' or below. 

Overburden Removal 

To facilitate the underground mining of the Central 

Zone it will be necessary to strip the overburden and expose 

the vein in areas: 

Coordinate 8500-E to Coordinate 9000-E 

Coordinate 9470-E to Coordinate lOSOO-E 

In addition, there are two areas where prior surface mining 

extracted the vein only and subsequent sloughing has covered 

the outcrop with loose material from the hanging and foot walls. 

These are: 

Coordinate 8000-E to Coordinate 8500-E 

Coordinate 9200-E to'Coordinate 9470-E 

Eastern Sector - Preliminary Pit Design 

1. Design Criteria 

A. Ore - Based on the ore intersection in drill 

hole T-lO, the bottom of the ore horizon was 

assumed at 5690 elevation for pit design pur­

poses. Since no information is presently 

available east of T-lO, a constant horizontal 

10 foot vein width was assumed in projecting 

PINCOCK, ALLfu"\l & HOLT, INC. 



the vein to the east. The top ore horizon 

has been assumed to be at 5830 average ele­

vation. 
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The vein was projected due east to l1500-E 

coordinate at the 5690 elevation. This is 

approximately 555 feet east of drill hole T-10. 

B. Pit Design - To provide minimum working room 

in the bottom of the pit, the 5690 level was 

laid out with a width of 25 feet. This makes 

the footwall of the vein as the north limit, 

the south limit being 15 feet into the quart­

zite waste, assuming a 10 foot vein width as 

stated above. 

All pit slopes have been generated upwards 

from the 5690 bottom elevation at 45 degrees. 

A 10% haul road, 35 feet wide, has been 

designed from the east end of the 5690 level 

exiting the pit on the south side at approxi­

mately 5750 elevation. This haul road will 

serve for the ore haul to the mill site and 

for waste removal below 5740 elevation. 

PINCOO<, ALLfu~ & HOLT, INC. 
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C. Tonnage Calculations - The designed pit was 

planimetered in 20 foot horizontal increments, 

as shown in Figure 6-1 ,Preliminary Pit 

Design, East End. Total tonnage for each 20 

foot increment was calculated using a factor 

of 12.5 cubic feet per ton of material in 

place. 

Ore tonnages were calculated by assuming a 

10 foot average width of vein and multiplying 

by the length applicable to each elevation, on 

the assumption the are uncovered in the pit 

slopes on each end would be mined, and multi­

plying by the 10 foot or 20 foot height applic­

able for each bench. Ore was also considered 

to have a factor of 12.5 cubic feet per ton. 

Table 

tonnage 

summary a 

Overall 

are 

a combined 

was calculated to be 

22.67 tons waste to one ton of are. 

PINCOCK, ALLEN & HOLT, INC. 



2. Mining Methods 

A. Stripping - Based on information presently 

available, it has been assumed that it will 
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be possible to mine the waste by ripping the 

material with a D-9 or equivalent dozer-ripper 

followed by scrapers for removal of the ripped 

waste. 

B. Ore Mining - It is planned to load the ore 

with a front end loader. A 3-1/2 to 5 cubic 

yard loader would have ample capacity and be 

able to satisfactorily load 25 ton end dump 

haulage trucks. With a 280 tons per day re­

quirement for ore, one operating truck on a 

one-shift per day basis will be adequate for 

ore haulage, provided a spare truck is on the 

property, in the event of breakdowns. 

In stripping the waste with scrapers, once 

the ore horizon has been reached, the ·waste 

should be cleaned from the hanging wall side 

of the vein to a depth of approximately 5 feet 

below the top of the vein. The ore would then 

be ripped if necessary, loaded and hauled out. 

This would be followed by removing the footwall 

PINCOCK, ALLEN & HOLT, INC. 
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waste down to the top of the ore. The same 

procedure would be followed for , each subse­

quent 5 foot depth of ore in the vein. This 

method should result in minimum dilution and 

virtually 100% recovery of the ore. Pre­

production stripping required is approximately 

309,000 tons from the surface down to the 

5830 elevation. 

PINCOCK, ALLEi'l & HOLT, INC. 
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TABLE 6-1 

TOTAL TONNAGE CALCULATIONS 

Level Sq. In. Mean Ht. X Cu.Ft. . Tons 

5923 0 
.38 23 10,000 87,400 :12.5 6,990 

5900 .38 

.85 20 " 170,000 " 13,600 

5880 1.32 

" 170 

5880 .14 

" 50,400 

5860 4.58 

11 6,550 

5860 1.26 

8.05 20 " 1,610,000 " 128,800 

5840 10.26 

12.65 20 " 2,530,000 " 202,400 

5800 18.84 

18.92 20 " 3,784,000 " 302,720 

5780 19.00 

16.82 20 n 3,364,000 If 269,120 

5760 14.64 

12.38 20 11 2,476,000 11 198,080 

(Cont.) 
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Level Sq. In. Mean Ht. X Cu. Ft. . Tons 

5740 10.12 

8.45 20 10,000 1,690,000 12.5 135,200 

5720 6.78 

4.93 20 " 986,000 " 78,880 

5700 3.08 

2.23 10 " 223,000 " 17,840 

5690 1.38 

TOTAL TONS 1,681,790 
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TABLE 6-2 

ORE TONNAGE CALCULATIONS 

Level Length Ht. Width Cu. Ft. . Tons 

5690 565' 10 10 56,500 12.5 4,520 

5700 585' 20 10 117,000 9,360 

5720 605' 20 10 121,000 9,680 

5740 625' 20 10 125,000 10,000 

5760 645' 20 10 129,000 10,320 

5780 665' 20 10 133,000 10,640 

5800 685 20 10 137,000 10,960 

5820 695 10 10 69,500 5 
\..\j~\ 

p..~O·t\l~ r\ ? . ~.\-\ . 
TOTAL ORE £, ~'t.~O \O~ ~~,{l:J!1a, 

,0 t3 O~~u~C\ ~~~C \.. ?p..~\ 
\~ C t-\ouN\ \, tf\?-t.GP' 
r..OO~ S p..~ \ £,t'\' . 

r\\Cr\ \ OC'J~ ~o\t. \ne• 
'l'J 1\"\\'5 0 ~\\eO &. 
Of ?\OCoC~' 
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TABLE 6-3 

SUMMARY 

TONNAGES BY LEVELS 

Level Tons Ore Tons Waste Total Tons 

5900 6,990 6,990 

5880 13,770 13,770 

5860 56,950 56,950 

5840 128,800 128,800 

5820 5,560 196,840 202,400 

5800 10,960 260,080 271,040 

5780 10,640 292,080 302,720 

5760 10,320 258,800 269,120 

5740 10,000 188,080 198,080 

5720 9,680 125,520 135,200 

5700 9,360 69,520 78,880 

5690 4,520 13,320 17,840 

TOTALS 71,040 1,610,750 1,68 

Waste Ore Ratio - 1,610,750 = 22.67 to 1 
71,040 

95 

Accumulated 
Total Tons 

6,990 

20,760 

77,710 

206,510 

408,910 

679,950 

982,670 

1,251,790 

1,449,370 

1,585,080 

1,663,950 
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3. Equipment 

A. Dozer - Rippers -- Consider 0-9's 

Ripping capacity - D-9 single shank ripper 

Ripping distance 300 ft. 

Time/pass at 1 mph (88 fpm) : 

300 = 3.41 min. + .25 min (turn time) = 3.66 min. 88 

Working time/shift = 50 min/hr. x 7 hrs. = 350 min. 

350 min. 
3.66 min. = 96.6 passes/shift 

Volume ripped = 3 ft. spacing x 2 ft. depth x 300 ft. 
22 

= 66.7 cubic yards per pass 

66.7 x 96.6 passes = 6,443 cu. yd./shift (theoretical) 

Assume 87.5% actual 6,443 x .875 = 5,637 cu. yd./shift 

5,637 x 27 = 12,175 tons/shift 
12.5 c.ft./ton 

B. Scrapers - Assume 631 D (31 cu. yd. scrapers) 

Use 25 cu. yd. average load 

1600 ft. one-way average haul distance 

Loading time 0.7 min. (with D-9 pusher) 

Dump time 0.7 min. 

Loaded haul 1.5 min. 

Return empty 1.3 min. 

4.2 min. Total cycle time 
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350 min. shift = 83 loads/scraper shift 
4.2 min. 

97 

83 x 25 cu. yd. = 2,075 ripped cu. yd./shift 

2,075 cu. yd. = 1,560 B.cu. yd./shift -
1.33 swell factor 

Use 1500 B. cu. yd. 

3 scrapers x 1,500 = 4,500 B. cu. yd./shift capa-

city/shift 

3 scrapers will require one 0-9 dozer as a pusher 

to load the scrapers. 

Ripper capacity from above - 5,637 B. cu.yd./shift 

3 scrapers = 4,500 B. cu.yd./shift 

Therefore: Total equipment needed for waste re-

rnoval is as follows: 

1 D-9 dozer ripper ' 

1 D-9 dozer ripper as a pusher 

3 631-0 scrapers 

C. Ore mine and haul equipment -

1 966C front end loader 

1 25-ton end dump truck (plus 1 spare) 

4. Pit Operating Costs 

A. General - Oue to the short life of the operations, 

it is felt that the most economical approach would 

be to contract the pit mining operation. 
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B. Operating Costs - Waste Removal 

Equipment: 3 631D scrapers (31 cu. yd. capacity 

2 D-9 dozer-rippers 

3 631D scrapers @ $270/shift = $ 810/shift 

2 D9 dozers @ $275/shift = 5S0/shift 

Total equipment operating cost $1,360/shift 

Add 25% for contractor depreci­

ation 

Contractor field supervision 

Add 25% for overhead & profit 

TOTAL 

Add 15% contingency 

Total tons/shift = 

$2,588.00 cost/shi 
9,720 tons 

C. Ore Mine & Haul -

Equipment: I 966C loader @ 

1 35-ton truck @ 

Total equipment operating cost 

Add 25% contractor depreciation 

Add 25% contractor overhead & 

profit 

(Cant. ) 

340/shift 

100/shift 

4S0/shift 

$2,250 

$132.00/shift 

188.00/shift 

$320.00/shift 

80.00/shift 

100.OO/shift 

tons 
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Add 15% contingency 

Owner field supervision - are 

control 

TOTAL 

99 

$ 75.00/shift 

100.00/shift 

$ 675.00 

$675.00 
280 tons ore/shift = $2.41/ton of are 

Total cost/ton of are: 

22.67 tons waste x 26.7¢ = $ 6.05/ton of are 

Ore mine and haul = 2.41/ton of are 

Total cost/ton of are mined $ 8.46 

If preproduction stripping costs are charged to 

development, mining costs/ton of ore after pre-

Less pre 

1,303,040 
71,040 

tons 

tons 

3,040 tons 

1 ton ore 

Mining cost a£ter preproduction stripping: 

Waste cost = 18.34 x 0.267 = $ 4.90 

Ore mine and haul = 2.41 

$ 7.3l/ton of ore 
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D. Other Development Costs - Prior to starting the 

pit stripping operation, all of the surface area 

that will be encompasses in the pit as well as 

those areas to be used for waste disposal will 

have to be cleared of trees and underbrush. The 

total area involved is approximately 12.5 acres. 

a lump sum basis at may be some 

salvageable timber that could be credited to this 

cost; however, no value has been placed on this 

item. 

E. Reclamation Costs - It is as.sumed that all waste 

material removed from the pit will have to be 

rehandled and placed back in the excavated area, 

followed by reforestation. If this be the case, 

total reclamation cos~ exclusive of mill tailings, 

is estimated at $450,000. 
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Underground Mining 

Estimated ore reserves of the central sector of the 

deposit, extending from Coordinate 5500-E to Coordinate 10880-E 

total 424,600 tons. The vein occurs in competent host rocks 

and the vertical dimension of the vein in a major portion of 

this zone is such that it would mean unfavora Ie waste to ore 

moval of the wallrock to 

Underground mining is 

is divided into two separ 

1. ~.vest Central 

asting for re­

costly. 

one. It 

This sector extends from the existing drift portal 

at Coordinate 7450-E to Coordinate ~500-E and ore 

reserves are estimated to total 113,900 tons, not 

including tonnage extracted by Western Fluorspar. 

Minable ore excluding pillars totals 90,000 tons. 

2. East Central 

This sector extends from Coordinate 7450-E to 

Coordinate 10880-E and is estimated to have re­

serves of 310,700 tons. Minable ore excluding 

pillars totals approximately 290,000 tons. 
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This portion of the deposit would be mined after 

strip mining is completed. It would be extracted through 
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an access drift collared approximately 3400 feet east of the 

existing mine portal, at Coordinate 10880-E and an approximate 

elevation of 5740 1
• 

The plan obviates the proposed adit at 9460-E and 

10,OOO-N as outlined in the Preliminary Report, October 1978, 

and reduces the capital and preproduction costs accordingly. 

Underground Method 

The underground method selected for all underground 

mining is underhand bench with draw point loading. This 

method is illustrated in Figure 5-3 and 6-2, Proposed Under­

ground Mining with Topography, and Figure 6-3, Typical Stope 

Development and Mining . . 

Deciding factors in selecting the method were: 

Maximum ground control 

Minimum dilution 

No underground inventory of ore required 

Minimum stope preparation and chute construction 

Safety considerations 

PINCOCK, ALLEN & HOLT, INC. 
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As part of the mine layout, an estimate of the stope 

widths and pillar widths was required for determining minable 

ore reserves and costing out underground mining. For this 

initial stage of mine design and ore reserve calculations, 

stope widths of 82 ft. and pillar widths of 18 ft. should be 

feasible. To help reduce dilution and prevent loose rock from 

falling, rock bolting and wire mesh of the hanging wall should 

be considered. Each pillar should be oriented with its long 

axis down the dip of the vein and continuous because of the 

high frequency and low shear strength of geologic structures 

parallel to the vein. 

A complete rock mechanics study was not considered 

necessary at this stage in the project. If feasibility is 

established, a rock testing program should be made, and stope 

widths and pillar dimensions should be re-evaluated. (See 

Appendix, Preliminary Rock Mechanics Study). 

The underground mining method is described as follows: 

The vein is divided into ore blocks 100' long 

along the strike and extending from the working 

level to surface, or the level above, as the case 

may be. This block length is based on the prelimi­

nary rock mechanics study. 
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The main haulage drift is driven in the footwall 

leaving an approximate pillar width of 20 feet between 

the footwall and haulage drift. 

Block development for each stope section consists 

of a draw point turnout, driven at an angle from the 

haulage drift to the hanging wall of the vein to 

facilitate loading, at the block center line. A 

development and extraction raise is then driven on 

ore from the face of the crosscut to surface following 

the centerline of the ore block. Two additional draw 

point turnouts are driven to the vein hanging wall 

east and west of the center crosscut on 26' centers 

leaving 18' pillars between. 

Extraction raises from these adjacent draw points 

are driven on the vein for a distance of 6 feet above 

the back of the draw point turnout crosscut. 

After the development raise is connected to surface, 

or the level above, and the raise stripped of timber 

and air and water lines, underhand benching commences 

on the vein, adjacent to the raise opening. Each bench 

is carried six feet along the vein and six feet down dip. 

The initial blast consists of one cut to form the first 
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bench each side of the central raise. These benches 

are cleaned off after the blast by mucking the residual 

broken ore into the central raise. Drilling continues 

at the surface as before and on each bench maintaining 

the six foot dimension for each round. After blasting, 

two benches are cleaned into the central raise, the 

uppermost bench being mucked off first so drilling can 

commence as soon as the third surface round is completed. 

All three rounds are now blasted and mucked into the. 

central raise. The three benches each side (six in all) 

are carried down dip until the extraction raises, east 

and west of the central raise, are exposed thereby 

forming three extraction openings. The crew then moves 

back to the surface and repeats the procedure, leaving 

an open stope 82' wide bounded by the 18 foot vertical 

pillars to the east and west when completed. 

After each blast, the hanging and footwall are 

scaled and ground support placed if required, be it 

rock bolts, timber stulls with headboards, or some 

combination of bolts and cyclone fencing. In this 

manner, the walls are made safe before the crew blasts 

another series of benches. Blast holes are drilled 

in the ore only using the exposed bench face as a guide. 
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If a second lift is to be removed, it will be 

necessary to bulkhead the vein opening above the 

level elevation before stoping operations are con­

ducted below. 
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The above described procedure is followed for each 

block in succession until all "block-ore" is extracted. The 

salvage operation follows and may recover 45% of the pillars. 

Ventilation 

Ventilation must be adequate in all development and 

stoping areas, with special attention to those areas where 

diesel equipment is utilized. 

Ventilation intake will be through the main haulage 

drift in the west central sector with exhaust to surface through 

the active stopes and designated exhaust raises. 

Intake for the east central sector will be through the 

east haulage drift with exhaust to surface through active stopes 

and designated exhaust raises. 

Electric axivane fans will provide ventilation for 

development headings. 
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Production Requirements 

Annual milling rate 

Daily milling rate 

Daily mining rate 

West Central Sector 

Tons 

70,000 

200 

280 (250 days) 
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Initial underground production will come from the west 

central sector where stope blocks can be developed by advancing 

the existing drift and driving the necessary block development 

raises to surface. 

This production will be trammed by battery locomotive 

to the portal ore bins and by truck to the mill. 

Rehabilitation of the existing drift and track will be 

required to assure efficient tramming before preproduction de­

velopment and stope preparation can be started. This is esti­

mated to take 2 to3 weeks. 

The west central sector ore reserves, above the drift 

elevation, total approximately 85,000 tons of minable ore, 

sufficient for a one year operation. The daily tonnage will 

be produced from two operating stopes plus the modest production 
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generated by development and stope preparation work, princi-

pally raising. 

The average stope block contains approximately 5,400 

tons and will be in production about 1.6 months, allowing for 

downtime, after block development a~d preparation are completed. 

At this rate, disregarding development and preparation ore, it 

will be necessary to complete the development and preparation 

work required to provide a replacement stope every 30 day 

~tlorking period. 

StoEe DeveloEment Totals 

Advance/Day 

Drifting = 100' · 30 3.3' 

Turnouts (3 ) = 66' · 30 2.2' · 
Raising = 175' avg. . 30 5.8' 

11.3' 

Stope Preparation Totals 

Prep raises = 12' (two at 6') 2 shifts required 
to complete 

To ensure uninterrupted stope ore production allowing 

for unscheduled downtime, it will be necessary to have at 

least three stopes in the production cycle at all times. 

Therefore, preproduction development and stope preparation is 

required as follows: 
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Stope Development 

Drifting 350' 

Raising 525' 

Stope Preparation 

Raises 36' 

East Central Sector 

The bulk of the ore reserves lie in the east central 

sector and extends from Coordinate 7480-E to l0880-E. Verti­

cally, the ore extends from elevation 5740' to elevation 5950' 

(as presently known). Minable ore totals 250,000 tons and will 

be mined by the underhand bench method as in the west central 

sector. 

Development of the east central sector is scheduled to 

start after pit production is completed or operations have 

shifted eastward sufficiently to allow both projects to proceed 

without interference. 

Costs 

The following tables summarize the preproduction develop­

ment cost, capital cost and operating cost for the west central 

and east central sectors: 6-4, 6-5, 6-6, 6-7 and 6-8. 
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Underground 

TABLE 6-4 

PREPRODUCTION DEVELOPMENT COST 
EAST CENTRAL SECTOR 

Haulage level drift (8'x8') x 300' x $lOO/ft. 

Draw point (8'x8') 3 x 25' x 3 x $100/ft. 

Raises (5'xlO') x 180' x 3 x $120/ft. 

Prep. raises (5'x8') x 6' x 6' x $lOO/ft. 

Vent raise ISO' x $120/ft. 

Utilities 

Power 

15% Contingency 

TOTAL 

III 

$ 30,000 

22,500 

64,800 

3,600 

18,000 

$ 138,900 
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Environmental 

TABLE 6-5 

PREPRODUCTION DEVELOp~mNT COST 
WEST CENTRAL SECTOR 

Plan of operation and approval 

Access Roads 

Includes reconditioning of existing roads 

Personnel 

Acquisition and training 

Engineering & Technical Services 

WEST CENTRAL SECTOR 

Surface 

Recondition mine patio area 

Reconstruct ore and waste trestl 

Level area outside mine portal 

Underground Preproduction 

Recondition & repair main haulage drive 

Revise air and water lines 

(Cont.) 

112 

$ 5,000 

5,000 

5,000 

18,000 

,000 

200 

$ 5,700 

$ 2,000 

200 
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Survey of drifts & cuts & accessible stapes 
and prepare maps & sections 

Drive footwall haulage & turnouts 530' 
@ $lOO/ft. 

Drive development raises 3 x 150' @ $120/ft. 
(Drive simultaneously with drifting) 

Drive stope preparation raises 6' x 6' @ 
$lOO/ft. (Drive simultaneously with hand 
and development rec.) 

Total West Central Sector 

15% Contingency 
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$ 2,500 

53,000 

$ 57,700 

$ 54,000 

3,600 

$115,300 

$154,300 

PINCOCK, ALLEN & HOLT, INC. 



114 

TABLE 6-6 

DIRECT MINING COST - SU~~RY 

Development (labor,"maint. and supp.) 

Preparation (labor, maint. and supp.) 

Ore breaking (labor) 

Haulage (labor) 

Loading (labor) 

Pipe and track and vent. (labor) 

15% contingency on labor 

Maint. and supplies @ $2.35/ton 

TOTAL 

$/Ton 

3.30 

1.87 

4.12 

0.75 

0.48 

0.47 
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Buildings 

Compressor shed 

Generator shed 

TABLE 6-7 

CAPITAL EXPENDITURES -
EAST CENTRAL SECTOR 

Shop building (temporary) 

Office (move from West Central Sector) 

Sanitation (includes septic tank) 

Water tanks (2 - includes pipe) 

Equipment 

Compressor 900 cpm (used) 

Generator 50 kva (new) 

Vent fans (2 - used) 

115 

$6,500 

2,000 

$ 8,500 

35,000 

15,000 

3,000 

Rocker shovels (from West Central Sector) 

Rock drills (from West Central Sector): 

Sinkers (2-new) 3,100 

Stopers (I-new) 2,050 

Locomotive - used Mancha 1 1/2 ton 6,500 

Air receiver 

15% Contingency 
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TABLE 6-8 

CAPITAL EXPENDITURES - WEST CENTRAL SECTOR 

Buildings 

Office $ 5,000 

Shop 5,000 

Compressor shed 1,500 

Generator shed 1,500 

Electrical (battery chrg. etc.) 2,000 

Sanitation 1,000 

Powder magazine 1,000 

$ 17,000 

Equipment 

Compressor (used) 35,000 

Rocker shovels (2-used l2B) 9,000 

Mine cars (8-used) 2,000 

Mine lamps & safety equip. (new) 4,000 

Generator 50 KVA (new) 15,000 

Rock drills (feed leg) 5,460 

Rock drills (sinkers - 5) 7,750 

Rock drills (stopers - 3) 6,150 

Air receiver 2,500 

Fans, vent. (3 - used) 4,500 

Used locomotive (Mancha 1 1/2 ton) 6,500 
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Water Supply 

Tank (1 on site) 

Pumps (well and surface) 

TOTAL WEST CENTRAL SECTOR 

15% Contingency 

$ 500 

5,000 
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$ 103,360 
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Operating Cost 

Labor: 

Surface -

Topman (1 - day shift only) 

Maintenance - Day shift only 

Electrician (Larnprnan) (1) 
8.00/hr. + 35% Fr. 

Mechanic (Drill Doctor) (1) 
8.00/hr. + 35% Fr. 

Unders:round -

Ne./Shift 'Ibta1/ No. Shift/Day 
Stope Dev. Shift Stope Dev. 

r.liner 4 1 5 2 1 

Helper 4 1 5 2 1 

Lvlotorman 1 

Swamper 1 

Shovel Opere 1 

. Pipe & Track 1 

Helper 1 

Surface = 
Man Shifts/Day 

Total labor cost/day 

No. 

$/Shift 

70.20 

86.40 

86.40 

Wage 
Day Hr. 

9 8.00 

9 6.50 

2 7.00 

2 6.50 

2 7.00 

1 7.00 

1 6.50 
26 
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$ 70.20 

$172.80 

Wage/ 'Ibtal 
Day Cost/ 

W/Fr. Day 

86.40 777.60 

70.20 631.80 

75.50 151.00 

70.20 140.40 

75.50 151.00 

75.50 75.50 

70.20 70.20 
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Hanpower 

Current wages for underground mining personnel plus 

fringe benefits of 35%, coupled with a production rate of 

280 tpd, make mining costs extremely labor sensitive. For 

example, the addition of one worker to the daily expenditures 

can affect the mining cost per ton approximately $0.30. It 

therefore, behooves mine management personnel 

work. The estimated 

produce 280 tons per 

productivity no less 

goal. 

and 

this 

Mine administrative costs also have considerable 

impact and supervisory personnel must be limited to one man 

per shift. It is preferred that the day shift be supervised 

by the mine superintendent with a shift boss supervising the 

second shift. The number of employees per shift is not ex­

cessive (15) and each working place may be visited, at least 

twice per shift. 

A manager and/or mechanical-electrical superintendent 

cannot be supported full-time; therefore, some arrangement 

must be found to charge a part of these salaries to other 

projects where such services can be utili~ed. 
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Duties 
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1. Development Crews 

A. Huck out with service only from motor crew 

B. Drill and blast - (transport explosives to 

working face) 

c. Work two faces whenever possible: 

Main heading 

Turnout or raise 

D. Drive development and prep. raises: 

Development raise 

Prep. raise 

Install raise timber 

2. Stope Crews (2 crews/shift, each crew 2 miners & 2 muckers) 

A. Strip timber from development raise 

B. Drill and blast 

C. Muck off benches 

D. Install necessary timber and roof bolts 

E. Drive prep. raises when required (12'/stope block) 

F. Transport explosives and supplies to working face 

3. Motor Crews (2 men/shift) 

A. Supply development crews with cars as required 

B. Supply loader operator (draw points) with cars 
as required 
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C. Move supply trucks from patio to underground 
timber or supply stations as required. 

D. Place and remove batteries on/from charging 
racks. 

4. Pipe and Track Crews (2 men/day shift only) 

A. Install track in development heading (haulage) 

B. Install track in turnouts to draw points 

C. Transport track as required in headings 

D. Transport ties and other supplies as needed 

E. Install pipe as required 

F. Install vent tube as required 

5. Topman (1 man/l shift) 

A. Receive and dispatch supplies - place supplies 
in supply room 

B. Move explosives from surface magazine to powder 
car and unload at underground magazine 

C. Break boulders on grizzly when required 

D. Perform other odd jobs as directed by shift boss 

6. Mechanic (1 man/day shift only) 

A. Maintain rock drills, feed legs and stopers 
as required, in operating condition 

B. Maintain haulage equipment 

c. Maintain rocker shovels 
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D. Maintain mechanical elements of battery loco­
motives and fans 

E. Maintain compressors, mechanical elements of 
generator sets, pumps 

F. Maintain company vehicles 

G. Repair chute gates, etc., as required 

7. Electrician (1 day shift only) 

A. Attend and maintain mine lamp charging 

B. Install and maintain surface and underground 
lighting and fan circuits 

c. Install and maintain mine fans 

D. Maintain generators 

E. Maintain electrical circuits 

* * * * * * * * * * * * * * * 

Pages 123 & 124 Deleted 
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7. METALLURGICAL STUDY 

Objective 

The objective of the metallurgical investigation is 

to develop the most economical processing scheme with the 

flexibility to produce both the acid grade fluorspar and 

metallurgical grade fluorspar as market conditions require. 

To accomplish this, bench scale tests were carried out and 
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a production run on the Western Fluorspar ore at the Tonto 

Basin mill was observed. From this data along with hands-on 

experience of the PAH staff, flotation and gravity concentra­

ting methods were evaluated. 

In order to fully evaluate the economics of the milling 

phase, it was necessary to study the freight rates and market 

requirements as well as possible mill sites. 

From this data, a metallurgical flowsheet has been 

developed for a flotation concentrator and a combination of 

heavy media separation followed by flotation. Four economic 

considerations have been developed including milling at the 

plant site and use of the Tonto Basin milling facility on a 

purchased arrangement. 
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Ore Characteristics 

The Western Fluorspar ore is premium quality both as 

to the percent of calcium fluoride and as to the amenability 

to various types of concentration. The calcium fluoride 

mineral is in the form of a massive crystalline structure. 

The associated silica is not finely dispersed or tightly 

interlocked with the calcium fluoride. Because of the rela­

tionship of fluoride to silica, fine grinding is not required 

to liberate gangue from the mineral. The ore is amenable to 

both heavy media concentration and froth flotation. Both of 

these concentrating methods have been considered separately 

and as combined processes. 

The recovery and product grade resulting from these 

processes are summarized in Table 7-1. This data was generated 

from batch testing and in-plant testing of a 380 ton ore lot 

at Tonto Basin mill. Test results are shown in Tables 7-2 and 

7-3. Based on these results, it is believed that only froth 

flotation or a corobination of heavy media separation and froth 

flotation should be considered. Since the fines in metallurgi­

cal grade fluorspar are limited to about 10% -1/4", approximately 

14% of the ore would be rejected prior to heavy media separation. 

This would cause the recovery of calcium fluoride to be approxi­

mately 73%. Therefore, heavy media separation alone would 

result in extremely low recovery values. 

PINeOCK, ALLEN & HOLT, INC. 



Concentrating 
Method 

Froth Flotation 

Heavy Media on 
+8 mesh 

Heavy Media and 
Froth Flotation 

Table 7-1 

CaF 2 RECOVERY 

caF
2 

Recovery 

% of Total 

87% 

73% 

87% 

Product Grade 
% of CaF 2 

97% 

127 

90% (79% EU) 

97% 
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FEED CONCT. TAILS 

DATE SHIFT TONS TONS TONS 

7-18 2 46.28 24.116 22.172 

7-19 1 35.96 20.856 15.102 

7-19 2 35.54 17.70 17.84 

7-20 1 32.03 16.43 15.60 

7-20 2 40.39 20.76 19.63 

7-21 1 36.60 20.82 15.78 

7-21 2 34.10 16.98 17.12 

7-24 1 35.12 17.24 17.87 

7-24 2 22.52 10.22 12.30 

NUMERICAL AVERAGE 

TOTAL 318.54 165.120 153.41 

Table 7-2 

TONTO BASIN MINING & MILLING 
WESTERN FLUORSPAR ORE 

MILL OPERATING RESULTS 
July 18-25, 1978 

ASS A Y S 

HEADS CONCT. 

CaF
2 

Si0 2 
caco

3 
caF

2 
Si0

2 
caco

3 

61.0 28.55 3.7 98.2 0.88 0.28 

56.3 27.30 3. 3 97.7 1.05 0.43 

58.0 30.50 3.7 98.2 0.90 0.30 

57.2 30.95 3.7 98.0 0.96 0.30 

55.6 33.56 3. 3 97.4 1.41 0.38 

59.0 31.14 2.3 97.8 1.15 0.35 

55.0 36.65 2.0 97.9 1.05 0.28 

55.5 34.86 2.0 98.0 1.02 0.30 

51.6 38.91 2.0 97.6 1.13 0.28 

56.58 32.49 2.88 97.87 1.06 0.32 

TAILS 

CaF
2 

Si0
2 

20.4 

11.1 

18.1 

14.3 

11.4 

11.7 

12.4 

14.5 

13.4 

14.14 

Recovery based on numerical average CaF analysis of products using formula 100C (H-T) 

2 H(C-T) 

97.87 (56.58 - 14.14) 

56.58 (92.87 - 14.4) 
4125 
4722 

87.36 

ACID GRADE SPEC - 97.5 CaF21 LESS THAN 1.1 Si021 50% -200 MESH. 

AVERAGE TPH 5.1 - 100 HP 6 x 6 MARCY-GRATE DISCH. 

PINCOCK, ALLEN & HOLT, INC. 

caco
3 

5.3 

5.0 

2.7 

5.3 

5.0 

4 . 3 

2.7 

4.0 

3. 3 

4.17 

PERCENT 
RECOVERY 

83.8 

92.4 

84.3 

87.9 

90.0 

91.0 

8'8.6 

86.7 

85.9 

87.36 

/-' 
N 
Q) 



Table 7-3 

HEAVY LIQUID TESTS 

McFadden Peak Fluorspar Ore 

Percent 
Dist. CaF2 Dist. CaF2 

wt. Grams Wt. % % CaF2 % S102 Products Of Total 

Product: 

-3/4 11 sample 27,610 100 50.85 100 100 

-3/4" + 1/411 19,800 71.71 47.89 67.53 67.53 

-1/4" + 8 mesh 3,870 14.02 59.41 16.38 16.38 

- 8 mesh 3,940 14.27 57.36 16.09 16.09 

Heavy Liquid Test: 

-3/4 11 + 1/411 2,056 100 47.83 100 67.53 

Sink 960 46.69 89.60 6.00 87.46 59.06 

Float 1,096 53.31 11.25 75.00 12.54 8.47 

-1/4" +8 mesh 1,334 100 59.37 100 16.38 

Sink 756 56.67 91.00 2.60 86.80 14.22 

Float 578 43.33 18.10 13 .. 20 2.16 
t-a 
N 
\.0 

Heavy Liquid 
Acetylene Tetra Bromide 

SPG = 2.964 



The Western market for fluorspar requires that both 

acid grade and metallurgical grade fluorspar be produced. 

This can be accomplished by processing all the ore through 

flotation and pelletizing part of the concentrate or taking 

130 

a coarse heavy media product. Considering the variety of 

specifications for metallurgical grade fluorspar, it would 

appear most practical to pelletize the flotation concentrate. 

In th~s process, the flotation concentrate would be blended 

with lime to adjust the grade downward. ~vith this controlled 

dilution, the top price per unit of calcium fluoride could be 

realized. For instance, u.s. Steel at Provo will contract for 

metallurgical grade fluorspar at 70% effective units with no 

premium if it exceeds 70%. There is, however, a severe penalty 

for any product that falls under 70%. It would be quite diffi­

cult to control a heavy media product to a point of where 70% 

effective units would be maintained continuously without liter­

ally giving some fluorspar away.* 

Present Milling Practice 

The Western Fluorspar ore from the McFadden Peak mine 

is hauled 50 miles to the Tonto Basin mill at Punkin Center, 

Arizona. This haul road includes 18 miles of graded _. road 

across Highway 288 and 31 miles of very rough road with curves 

and dips designated as Route 60. The present trucking rate is 

*Effective units equals percent caF 2 minus 2.5 x percent Si0
2 
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$6.00/ton of ore; however, it is not believed that this rate 

could be sustained for a larger tonnage operation. The present 

truck operator is reportedly not able to meet his obligations 

for this $6.00/ton. 

The Tonto Basin mill is located on approximately 45 

acres of land on the northwest side of Roosevelt Lake. This 

site is relatively flat and there is ample water and tailings 

disposal area. The mill circuit consists of crushing, grinding, 

flotation, filtration and drying to produce an acid grade fluor­

spar containing 97% CaF
2

. It is a very straight-forward circuit 

and does not use heated pulp or extensive mill water treatment. 

Mill capacity is reported to be over 100 tons per day of ore. 

However, from our observations, the mill did not have sufficient 

ore feed to really tax the capacity. During our observation 

period, 380 tons of McFadden Peak ore was processed through 

the plant with very little difficulty in maintaining grade with 

recoveries averaging +85%. 

The mill is kept in excellent condition and they have 

not encountered any known environmental problems. Considering 

the availability of power and water and the haul to Mesa for 

shipment of product, the mill is in an excellent location. 

However, from the standpoint of processing the McFadden Peak 

ore at 200 tpd, the mill has two disadvantages. One: it is 
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believed that a haul rate of $8.00/ton is more realistic for 

hauling the ore from McFadden Peak to Tonto Basin. With the 

concentration ratio of approximately 50%, this would add 

$16/ton to the product cost as compared to approximately $7.81 

per ton for haulage of product from the mine site to the rail 

head in Mesa. Second: the mill would have to be expanded to 

take the full 200 tpd of ore feed. This would require dupli­

cation of some of the process equipment and probably result in 

higher operating costs as compared to a new 200 tpd mill. To 

offset these two disadvantages, preconcentration of the ore at 

the mine site by heavy media separation was studied. By crushing 

and preconcentrating the +1/4" ore by heavy med' separation, 

the flotation mill 

basis. This would 

Tonto Basin from the 

Tonto Basin crushing 

jected profit potential of an on 

n a 200 tpd 

These economic 

considerations are futher developed in the following sections 

of this report. 

Milling Capital and Operating Costs 

Capital and operating costs for four different mill 

plans are summarized in Tables 7-4 and 7-5 with the detail 

cost shown in Tables 7-6 and 7-7. These tables show Alternate I, 
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installation of a 200 tpd flotation plant at the mine site, is 

the second highest capital cost with the lowest corresponding 

operating cost. It should be noted that the capital cost for 

this alternate is based on acquiring the mill claims at the 

mine site which are not presently in the Triangle Mining­

Western Fluorspar lease. Also, it is assumed that sufficient 

water can be developed on these mill claims and that a tailings 

disposal area adjacent to the plant can be developed with the 

u.s. Forest Service approval. 

In Alternate II, preconcentration of the ore by heavy 

media separation and subsequent flotation has been considered. 

In this scheme, approximately 35% of the incoming ore would 

be rejected as gangue material in the heavy media step. This 

would result in a flotation plant feed of approximately 130 tpd 

at 78.5% CaF 2 . In this case, it is again assumed that the 

processing plant, both heavy media and flotation, would be 

located on the mill claims with the stipulation stated above. 

The capital requirement for this alternate is approximately 

$200,000 high~r with a corresponding increase of approximately 

$7.73/ton in operating costs as compared to Alternate I. 

With heavy media preconcentration, a lower grade ore 

can be processed requiring less selective mining. This could 

result in increasing ore reserves. The net effect of the 
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increased capital requirement, increased operating cost, and 

increased reserves will result in a lower return on investment 

from Alternate II. As can be seen from Alternate III and IV 

which consider using the Tonto Basin mill, increased operating 

cost of $9.87 and $4.94 per ton of ore would result as compared 

to Alternate I. 

The alternate flowsheet arrangements are sho~vn in 

Figures 7-1 and 7-2. 
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Table 7-4 

MILLING CAPITAL COST ESTIMATE 

r1illing 

Heavy Media 

Pelletizing 

TOTAL 

Capital Cost 
Order of Magnitude 

ALT. I ALT. II 
200 tpi flota- Heavy media & 
tion plarit at 130 t¢ float 

mine plant at mine 

$ 2,216,598 $ 2,142,561 

272,000 

150,000 150,000 

$ 2,366,598 $ 2,564,561 

NOTES ON ABOVE TABLE: 

1. 15% contingency included I~ II, III 

2. Land purchase not included I & II 

ALT. III 
Heavy media at 
mine & 130 tpd 
float plant at 
Tonto Basin 

$ 1,100,000 

410,000 

3. Escalation not included I, II, III & IV 

135 

ALT. N 
Tonto Basin 
Mill increased 
capacity to 
200 tpd 

$ 1,350,000 

4. Hilling plant based on particular used equipment I, II, III & IV 

5. Assume negotiated price for Tonto Basin Mill = $1,100,000 II & IV 

6. Increase Tonto Basin cost to $1,350,000 for increasing capacity 
to 200 tpd 

7. Includes power generation and water development at mine - mill 
site I, II & III 

8. Awaiting vendor prices on pelletizing equipment 
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Table 7-5 

SUMMARY OF PREOESIGN CAPITAL COST 
FOR FLUORSPAR FLOTATION CONCENTRATOR 

Price wi 
Item Machine Motor & Orive 200 TPO HP 130 TPO HP 

1. 50 ton coarse ore bin $ 6,500 $ 6,500 0 $ 6,500 0 
f 

2. 24"xl0' apron feeder 17,300 17,300 5 17,300 5 

3. 15 1 x24" jaw crusher 32,400 32,400 50 32,400 50 

4. 10"x50' belt conveyor 6,700 6,700 5 6,700 5 

5. 3' standard cone crusher 52,800 52,800 60 52,800 60 

6. 10"x50' belt conveyor 6,700 6,700 5 6,700 5 

7. 3'x6' vibrating screen 5,100 5,100 2 5,100 2 

8. 500 ton fine ore bin 34,000 34,000 ° 34,000 0 

9. 24"xl0' belt feeder 8,200 8,200 1 8,200 1 

10. 7'x6" 60 ball mill with 
spiral screen 140,075 140,075 200 

11. 6'x6" 60 ball mill with 
spiral screen 117,624 117,624 125 

12. 4"X3" sand pump wi vari-drive 3,800 3,800 10 3,800 10 

13. 012B cyclone 1,400 1,400 ° 14. 010B cyclone 1,000 1,000 0 

15. (2 ) 6'x6" conditioners 6,675 6,675 10 6,675 10 

16. (1) 8 cell OR 21 flotation 
machine 23,815 23,815 40 23,815 40 

17. (1) 6 cell OR 21 flotation 
machine 17,762 17,762 30 17,762 30 

~ 

18. (1 ) 8 cell #21 suba flotation w 
0'1 

machine 23,000 23,000 40 23,000 40 

19. (1) turbo compressor 2,800 2,800 10 2,800 10 



Item 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

Machine 

(2) 2 1/211 sump pumps 

30' dia. x 8 11 deep 
thickener wi power 
lift & cone, hand rails, 
walkways & overflow 
launders 

3 11 duplex diaphragm pump 

6'x6 disc filter wi vacuum 
package 

5'x40' dryer wi dust col­
lection 

(2) 60 ton concentrate bins 
wi elevator 

(3) automatic samplers 

Total Foregoing Facilities 

Field erection @ 14% 

Foundation and supports @ 12% 

Piping and chuting @ 22% 

Price wi 
Motor & Drive 

$ 4,800 

50,200 

4,418 

49,475 

89,600 

12,600 

5,325 

Electrical installation @ 19.5% 

Instrumentation incl. reagent feeders @ 5% 

Misc. site preparation, clean-up and 
painting @ 5% 

BIding facilities incl. services @ 35% 

Service facilities installed @ 55% 

Total Physical Cost 

$ 

200 TPD 

4,800 

50,200 

4,418 

49,475 

89,600 

12,600 

5,325 

$ 605,445 

$ 84,762 

72,653 

133,197 

118,061 

30,272 

30,272 

211,905 

332,994 

$1,619,561 

lIP 

15 

2 

2 

56 

20 

5 

5 

573 

130 TPD 

$ 4,800 

50,200 

4,418 

49,475 

89,600 

12,600 

5,325 

$ 582,594 

$ 81,563 

69,911 

128,170 

113,605 

29,129 

29,129 

203,907 

320,426 

$1,558,434 

HP 

15 

2 

2 

56 

20 

5 

5 

498 

~ 
W 
-...J 



'l 

Engineering and construction @ 25% of phys. 

Direct Plant Cost 

Contractor's fee @ 5% DPC 

Tailings pond preparation incl. effluent 

transportation 

Concentrator share environmental impact study 

Spare parts 5% equipment cost 

Total Estimated Fixed Capital Investment 

Estimated deduction for used equipment -

12% of total physical cost 

Total Estimated Fixed Capital Investment 

Using Some Used Equipment 

200 TPD 130 TPD 

$ 404,893 $ 389,608 

2,024,451 1,948,042 

101,222 97,402 

225,000 225,000 

30,000 30,000 

30,272 29,129 

$ 2,410,945 $ 2,329,573 

194,347 187,012 

$ 2,216,598 $ 2,142,561 
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Table 7-6 

MILLING OPERATING COST ESTIHATE 

Cash Operating Cost 

$/Ton Ore 

Milling 

Heavy Media 

Frt. to Mill 

ALT. I 
200 tpi flota­
tion plant at 

mine 

$ 10.60 

Frt. to Rail 5.06 

ALT. II 
Heavy media & 
130 tpi float 
plant at mine 

$ 15.11 

3.50 

$ 15.94 $ 

NOTES ON ABOVE TABLE 

(All Alternates Include:) 

ALT. III 
Heavy media at 
mine & 130 tpi 
float plant at 
Tonto Basin 

$ 15.11 

3.50 

ALT. IV 
Tonto Basin 
Mill increased 
capacity to 
200 tpd 

$ 10.88 

1. Operating & maintenance labor & supervision including 35% 
for payroll burden 

2. Operating & maintenance supplies 

3. Power, water and fuel 
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Table 7-7 

PRE-DESIGN OPERATING COST ESTIMATE 
FOR 200 TPD & 130 TPD FLUORSPAR FLOTATION 

200 TPD 130 TPD 
No. Operational Pers6nnel Cost7Yr. Cost/Ton Cost/Yr. Cost/Ton 

1 Mill supt. @ $24,000/yr. $ 24,000 $ 0.343 $ 24,000 $ 0.527 

*1 Crusher Ope @ $8.00/hr. 17,888 0.255 17,888 0.393 

4 Mill Ope @ $8.00/hr. 71,552 1.022 71,552 1.572 

4 Asst. mill Ope @ $7.50/hr. 67,080 0.960 67,080 1.474 

10 TOTAL OPERATIONAL PERSONNEL $ 180,520 $ 2.580 $ 180,520 $ 3.976 

Maintenance Personnel 

1 Maint. foreman @ -$20,000/yr. 20,000 0.290 20,000 0.440 

2 Welder mechanics @ $8.00/hr. 35,776 0.510 35,776 0.786 

1 Electrician @ $21,000/yr. 21,000 0.300 21,000 0.462 

TOTAL MAINTENANCE PERSONNEL $ -76,776 $ 1. 100\ $ 76,776 $ 1.687 

Unscheduled overtime 11,516 0.160 11,516 0.253 

TOTAL MAINTENANCE LABOR $ 88,292 $ 1.260 $ 88,292 $ 1.940 

Maintenance- material @ 3% 
capital cost 72,328 'I. 030 69,887 1.536 ~ 

~ 
0 

TOTAL MAINTENANCE COST $ 160,620 $ 2.290 $ 158,179 $ 3.477 

*Based on 43 hrs. pay per week x 52 



200 'l'PD 130 TPD 

No. Plant Supplies Cost7Yr. Cost/Ton Cost/Yr. Cost/Ton 

Grinding balls @ .25/ton $ 17,500 $ 0.250 $ 11,375 $ 0.250 

Liners @ . 25/ton 17,500 0.250 11,375 0.250 

Flotation reagents @ .545/ton 38,150 0.545 24,797 0.545 

TOTAL PLANT SUPPLIES $ 73,150 $ 1.045 $ 47,547 $ 1.045 

Utilities 

Electric power @ .04/kwh 143,625 2.050 124,825 2.740 

\V'ater, est. 3,500 0.050 2,750 0.060 

Fuel, based on $1.70 per 
1,000,000 BTU -

Heating buildings, etc . 
. 34/tons milled 23,800 0.340 15,470 0.340 

Drying 52,500 0.750 34,125 0.750 

TOTAL UTILITIES $ 223,425 $ 3.190 $ 177,170 $ 3.890 

Summary of Direct Costs 

Operating personnel & super-
vision 180,520 2.580 180,520 3.970 

Maintenance total 160,620 2.290 158,179 3.470 

Plant supplies 73,150 1.050 47,574 1.050 
......, 
,&:.. 
......, 

Utilities 223,425 3.190 -.!2L170 3.890 

$ 637,715 $ 9.110 $ 563,443 $12.380 



200 TPD 
No. Summary of Indirect Costs Cost7Yr. 

Laboratory 30,000 

Payroll overhead 35% x 268,812 94,084 

$124,080 

TOTAL OPERATIONAL COST $761,795 

130 TPD 
Cost/Ton Cost/Yr. Cost/Ton 

0.428 30,000 0.659 

1.344 94,084 2.060 

$ 1.770 $124,080 $ 2.720 

$10.880 $687,523 $15.110 

PINCOCK: ALLEN & HOLT, INC. 

I-' 
.t;.. 
N 



143 

Hill Sites 

Four possible mill sites have been investigated. These 

mill sites are shown on a location map (Figure 7-3) and desig­

nated as A, B, C and Mine Site. Land parcels A, B, and Care 

privately owned and are being offered at an asking price of 

approximately $200,000 each. The mill site at the mine is on 

Mill Site Claims WJ-l and ~vJ-2. These are not included in the 

present lease arrangement with Western Fluorspar, but are 

separate claims held by Woodie Nichols. It is believed that 

Woodie Nichols would cooperate with Triangle Mining in acquiring 

these mill site claims without a capital outlay. 

Major considerations in evaluating these possible mill 

sites was availability of water, power and tailings disposal 

area. The only land parcel that is serviced by a public utility 

and has proven water reserves is land parcel C (referred to as 

the "Rock House"). However, since this area is 25 miles from 

the mine site, it is considered the least desirable. It was 

decided that power in the other areas would be supplied by 

on-site diesel generation and an investigation of the water 

resources for the closer mill sites was undertaken. The water 

reconnaissance survey is summarized as follows. 
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Land Parcel Areas 

Parcel A: Reynolds Creek Area; Sl/2, Sec. 12, T6N, 

Rl3E. Approximately 1.25 miles south of the present mine 

access road. This area has no history of groundwater produc­

tion. Younger Precambrian quartzites form outcrop patterns 

in and adjacent to the boulder paved stream. The occurrence 

of any porous and permeable rock formations likely to contain 

and transmit water could not be ascertained. Small amounts 

of spring water form some shallow pools along the stream bed. 

The examination of this area was made with Mr. Woodie Nichols 

and Mr. O.T. Smith. 

Conditions suitable for the production of the required 

amount of groundwater do not appear to be present in this area 

when considering the possibility of developing an aquifer in the 

type of rock exposed on the surface. Any qualification of this 

comment would require the drilling of a test well with the intent 

of intersecting sufficient water carrying fractures to supply 

an unknown quantity of water. This type of venture involves a 

higher than ordinary amount of risk. 

Parcel B: Workman Creek Area; SWl/4, Sec. 24, T6N, 

R13E. Approximately 3.5 miles south of the present mine access 

road. This area has no available history of groundwater pro­

duction: however, the present owner, Mr. John Schminke, said 
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146 that a small well used for domestic water supply did exist at 

one time but was filled with debris when he acquired the 

property. Water for use at the ranch is furnished by the 

nearby creek. 

This area fits a pattern similar to the Reynolds Creek 

area. A small tract of about 3-4 acres of alluvium of unknown 

thickness exists along the east bank of the stream and is being 

prepared for future irrigation by water from vlorkman Creek, if 

Schminke can obtain a water right. He is not optimistic regard-

ing the availability of a supply of groundwater sufficient for 

the operation of a mineral processing mill. There is nothing 

apparent which would tend to recommend this area for considera-

tion as a mill site. 

Proposed mill site encompassing the present mine 

security post: 

Before the present mine operator, Fred Murphy, took over 

the workings, a well was drilled at the security post location 

to furnish water for the mining operation. A pumping test was 

performed on this well under the supervision of a PAH engineer. 

The results of this test are summarized below: 

PINCOCK, ALLEN & HOLT, INC. 
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The configuration, location, and size of the proposed mill site 

does not enhance the possibility of locating additional wells 

within its boundaries. We feel confident that an adequate 

supply of water can be developed in the area but recommend that 

arrangements be made to acquire sufficient acreage to the south 

to provide working space. 

The local topography creates a moderately sized basinal 

catchment and watershed area south of Mt. McFadden and including 

the proposed mill site area. There is some widening of the area 

at lower elevation below the mine site and the confluence of 

local drainage with the McFadden Creek would provide the possi­

bility of some recharge to the area. Below Circle Ranch and the 

well site mentioned above, the drainage area narrows noticeably. 

A test at the location mentioned above could possibly furnish a 

part of the required amount of water to operate a mill. There 

is the possibility of acquiring supplementary groundwater supplies, 

amounts unknown, from the Circle Ranch area which, according to 

Hr. Nichols, is part of the overall claim transaction. This 

being so, the transfer of water from the ranch area to the pro­

posed mill site adjacent to the mine workings area should pose 

no legal problem. The Circle Ranch area could also be considered 

as a future mill site, providing water supplies are adequate in 

the general area. 
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The dependence upon surface water to fulfill mill re­

quirements is unreasonable at this time. The intermittent 

history of creek flow and the legal interaction over water 

rights would tend to discount any consideration in this direc­

tion. Ifa mill is planned for construction at any of the 

sites discussed in this report, with the exception of the Rock­

house area, it must be considered that a single well at any site 

or location may not furnish sufficient amounts of groundwater 

for operation of the mill. Supplementary supplies of water 

derived from adjacent areas must be part of the consideration 

in setting a mill advantageously close to the mine workings. 

In addition, a program of water reuse would be a necessary 

part of planning. 
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8 . MARKETING 

The most profitable markets for the McFadden Peak 

fluorspar would be geographically located west of the Rocky 

Mountains. In this market area, the Arizona produced fluorspar 

would have the freight advantage over fluorspar produced in the 

Southeast and Midwestern u.S. as well as that produced in Mexico. 

The major consumers in this Western geographical area and their 

annual consumptions are listed in the following table: -

Company & Annual Short Tons 

Product Location 1978 1979-80 est. 

Acid Grade Allied Chemical 
Pittsburgh, CA 13,000 15,000 

Acid & Ceramic Miscellaneous 

Grade companies 1,000 2,000 

Metallurgical Kaiser Steel 

Grade Fontana, CA 20,000 20,000 

Metallurgical u.s. Steel 

Grade Geneva, UT 17,000 17,000 

51,000 54,000 

At a 200 tpd milling rate with a 63% CaF2 grade and an 

87% recovery, production would be .approximately 38,000 tpy of 

concentrates. This is equal to about 74% of the consumption of 

the above users. However, it is not unreasonable to project that 

from 70% to 90% of this listed consumption can be supplied from 

an Arizona producer. This is based on the fact that at present, 

approximately 90% of the metallurgical spar consumed by Kaiser 
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and u.s. Steel is imported from Mexico and that Allied Chemical 

has a purchase agreement with Western Fluorspar for approximately 

18,000 tpy of metallurgical grade material. 

The present purchase agreement that Western Fluorspar 

Company has with Allied Chemical is considered extremely impor­

tant. This order calls for approximately 18,000 tons of acid 

grade fluorspar to be shipped from January 1, 1978 to December 31, 

1978 at a price of $93/ton F.O.B. r.1esa, Arizona. This would account 

for approximately 1/2 of the production from a 200 tpd flotation 

mill. Western Fluorspar Company has not been able to meet the 

tonnage requirements of this agreement because it is undercapi­

talized to do the job right. However, correspondence and 

telecommunication with Allied Chemical 

desire to continue 

confirmed that the 

be increased approximat 

amount to an increase 0 

fluorspar, and $5.58 per 

We have 

will 

This would 

grade 

fluorspar. 

During conversation Mr. Harry Stratton, the 

District Traffic representative for Southern Pacific, it was 

learned that the freight rate on metallurgical grade fluorspar 

originating in Mexico shipping from either El Paso, Texas or 

Douglas, Arizona, is $19.84 per ton. This is a permanent freight 

rate. The published freight rate for shipping from Globe, Arizona 
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to Kaiser Steel in Fontana, California, is $27.00 per ton. This 

appears quite high in comparison to the rate that Kaiser is 

paying from El Paso which is further away. SP traffic man 

did point out that El Paso is on a main line whereas Globe is 

on a feeder line. The nearest main line is Mesa, Arizona, 

whic"h "is 79 miles farther away. The freight rate shown on a 

1978 blanket purchase order from Allied Chemical for acid grade 

fluorspar for Mesa to Pittsburgh, California, is $15.49 per ton. 

In view of the present rate structure, it would be more economical 

to truck the fluorspar to Mesa and ship via an SP main line ~ 

The following analysis shows what the or value would 

be with the increased 

concentrate to Mesa to take 

on the main line. 

Value of Metallur~~~~~ 

Calculated Price Delivered to 

Mexican border, fob cars - E & MJ 

Import duty 
Border charge 
Freight to Kaiser Steel 

Total delivered 

(Cont. ) 

rate 

$ 66.69 (incl. 6% 
increase, 

7.50 
2.00 

+ 19.84 

1/1/79) 

$ 96.03/ton 
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Delivered price currently being 
paid by Kaiser for Hexican gravel 
w/ 6% increase 1/1/79 

Present freight rate for acid 
grade from Mesa to Pittsburgh, 
California 

Value/ton of metallurgical grade 
fluorspar at Mesa rail head 

153 

$ 96.03 

- 15.49 

$ 80.54 

Converting this to tons of metallurgical grade product/ton of 
production gives: 

(.63 grade) x (.87 recovery) 
$80.54 (.75 concentration w/ 2 1/2% silica) = $58.86/ton of ore 

sold as met. grade 
at Mesa 

The truck freight rate from the mine site to Mesa is figured as 
follows: 

Truck haulage from minesite 
over rough road, 46 miles @ 

$7.81 
(.63) (.87) 

( .75) = $5.7l/ton 

l/ton 

as metallur-
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Value of Acid Grade at Mesa 

Present price being paid by Allied 
Chemical w/ 6% increase 1/1/79 

154 

$ 98.58 

Converting this to tons of acid grade product/ton of production 
gives: 

$98.58 (.63 grade) x (.87 recovery) = 
(.97 concentration) . 

The freight rate from the mi~e 
as acid grade is as follows: 

$7.81 (.63) (.87) 
( . 97) = 

Value 

$ 55.70/ton of 
ore sold as acid 
grade at Mesa 

ton of ore sold 

It was shown in an earlier that sales will consist of 
50% acid grade and 50% metallurgical grade. This will give a 
combined product value at Mesa as follows: 

$58.86 (.50) + $55.70 (.50) = $57.28/ton of ore 

The freight rate from the mine to the rail head at Mesa for 
the combined product is: 

$5.71 (.50) + $4.41 (.50) = $5.06/ton of are 
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We have continued our investigation into obtaining better 

freight rates from SP for shipment from Miami, Arizona to Kaiser 

Steel in Fontana, California. The procedure for applying for a 

new rate would be to write Mr. Harry Stranton, the District 

Traffic Representative for SP in Tucson. This letter should 

contain the following information: 

1. Description of the material 

2. Material density 

3. Particle size 

4. To and from locations 

5. Type of car required, etc. 

He will acknowledge receipt of the letter and then refer it to 

the Phoenix office. The Phoenix office will acknowledge receipt 

and then refer it to San Francisco where they will make the 

request public and give prices. This could be done without 

divulging the company name but usually this leaks out. This 

process will take 2 - 3 months. Mr. Stranton pointed out that 

the best way for this to be done would be to have the buyer 

petition the railroad. He would have a greater influence since 

in the case of Kaiser Steel, the railroad counts on their 

business. He went on to say that actually, the buyer could 

probably determine the freight rate right now within a few 

cents of what the railroad would finally negotiate to. Also, 
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there are consultants available who specalize in negotiating 

rail freight rates. 

Domestic production of metallurgical grade and "acid 

grade fluorspar has continued to decline over the past several 

years while imports have risen to approximately 81% of the 

apparent consumption. The major foreign suppliers of fluorspar 

are Mexico at 60% of total u.s. imports, South Africa at 27%, Spain 

at 10% and Morocco at 3%. Acid grade comprised 65% of the u.S. 

fluorspar imports with metallurgical grade including briquets 

making up the balance during the first quarter of 1978. 

In March 1977, legislative bill HR 5265 was introduced 

to the House Ways and Means Committee in Washington, D.C., and 

during the first week of September 1978 it was approved and 

submitted to the u.S . . House of Representatives. The bill 

recommends -the elimination of the u.S. import duty on acidspar 

and metspar for all favored nations for a period of two years. 

Historically, two other attempts have been made by the u.s. 

steel and aluminum industries to push through a similar bill 

or to attach it to another bill as a rider, but they failed. 

It is predicted that this bill will fail, unless it is unknow­

ingly attached to a foreign trade bill. Even if it passes the 

House, there does not appear to be enough time to push it through 

the joint committees for the House and Senate. If the u.S. 

domestic mining industry does not oppose it strongly,the 
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congressmen may slip it through. This legislation should be 

closely monitored and its effect on the pricing structure 

evaluated. 

PINCOCK, AllEN & HOLT, INC. 



APPENDIX 

PRELIMINARY ROCK MECHANICS STUDY 

PINCOCK, ALLEN" & HOLT, INC. 



A-I 

PRELIMINARY ROCK MECHANICS STUDY 

Geology 

The geology of the area was previously discussed by 

w. C. Peters of Pincock, Allen & Holt, Inc. However, a brief 

discussion of the geology, to emphasize those items important 

to a rock mechanic analysis, follows. 

The fluorspar vein has a dip direction of around 175° 

and a dip of approximately 75°. Its minable thickness ranges 

from 3.0 to 12 ft., with an average around 5 ft. The upper 

portion of the footwall and hanging wall is usually hornfels 

witt. interbedded quartzite, and the lower portion is generally 

massive quartzite. At the west end of the vein, the quartzite 

is at the surface, while at the east end the quartzite is 

300 ft. below the surface on the hanging wall side and 250 ft. 

on the footwall side. Bedding has a general dip direction of 

o - 30° and a dip of 0 - 15°. Diabase sills or dikes can 

locally make up the wallrock. 

Rock Mass Strength 

Strength of the rock mass is a function of the strength 

of intact rock, the strength of geologic structure (joints, 

faults, etc.), and the characteristics (orientation, length, 

spacing) of the geologic structures. These values can be 
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measured and combined to estimate the rock mass strength. 

Geologic structures are defined as major structures 

and rock fabric. In design, major structures, such as faults, 

are usually considered individually because they are a local 

occurrence. Rock fabric which is predominantly jointing has 

a high frequency of occurrence and is not continuous. For 

design, areas with similar joint orientations are defined as 

structural domains; within a domain the statistical distribu­

tions of joint set characteristics (orientation, length, 

spacing) are used to define the occurrence of jointing. 

Joint set mapping orientations, collected by D. E. 

Nicholas, and structure data, recorded by W. C. Peters during 

surface mapping, vvere plotted on a lower hemisphere Schmidt 

plot (Figure A-I). Although the data is limited, there appear 

to be four major joint sets in the hornfels and quartzite, 

and possibly four sets in the fluorspar. The average joint 

orientations of these sets are: 
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Est. !'-lean Est. Mean 
Set Name Dip Direction Dip Comments 

Hornfels and Quartzite 

2.1 20° 10° Parallel to bedding 

9.8 90° 80° 

18.9 180° 90° 

14.9 140° 90° 

Fluorspar 

17.7 175° 73° Parallel to bedding 

13.8 130° 85° 

8.8 80° 85° 

6.4 64° 46° 

The set name is obtained by dropping the last digit of the dip 

direction and dip. For example, for a 175° dip direction and 

a 73° dip, the set name would be 17.7. 

The lengths and spacings of the joint set data are 

summarized in Table A-I. Joints in the hornfels were generally 

unfilled; however, the joints in the fluorspar parallel to the 

vein contained a clay gouge that ranged in thickness from 0.1 

to 2 inches. Most of the faults also contained some clay or 

were slickensided. 
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Table A-I A-5 

JOINT SET CHARACTERISTICS 

Site Location/ Structure DDR Dip Mean Mean 
Rock Type Type Spacing Length 

(ft) ('ft) 

Site 4 

Diabase JS 334 64 0.9 5.0 

JS 75 69 0.6 0.7 

JS 172 34 1 . 1 1.4 

JS 95 90 0.2 1.3 

Site 2 

Hornfels (HW) JS 178 90 0.3 1.6 

JS 10 9 2.3 9.5 

JS 274 83 0.6 3.0 

JS 95 70 0.6 0.9 

Site 2 

Hornfels (FW) JS 81 85 1.5 5.0 

JS 02 05 2.2 6.7 

JS 181 81 0.4 6.4 

Site 1 

Fluorspar JS 176 75 0.9 +10 

FT 210 64 
Site 1 

Fluorspar JS 174 22 0.6 +10 

JS 62 46 1.2 1.0 
JS 118 81 0.8 1.2 
FT 136 90 

Site 1 

Fluorspar JS 175 74 0.7 +10 

JS 81 82 0.7 1.7 

FT 146 80 
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RQD, Rock Quality Designation, is another indicator 

of how fractured or broken the rock is. RQD is the sum of the 

lengths of all core pieces 4 inches or longer, divided by the 

length of interval drilled. The lower the RQD, the more frac-

tured the rock. Data from holes T-I and T-2 indicate the 

average RQD ranges between 7 and 20% for the fluorspar, 29 to 

37% for the hanging wall (within 20 feet of the vein), and 

17 to 71% for the footwall quartzite (within 20 feet of the 

vein) . 

For pillar design, the shear strength of the intact 

rock and of geologic structures is required. We can define 

shear strength based on the Mohr-Coloumb failure criteria: 

where 

L = C + (j Tan " n <p 

L = shear strength 

0n= normal stress 

C = cohesion 

~ = friction angle. 

PINCOCK, ALLfu~ & HOLT, INC. 



A-7 

Intact rock shear strengths are determined from uniaxial and 

triaxial compression tests. Shear strengths of geologic struc­

ture are measured from direct shear tests. For this preliminary 

study, we have tested only three samples in uniaxial compression 

and extrapolated intact rock shear strengths. Shear strengths 

along structures have been estimated by visual inspection. 

Results of the uniaxial compression and disk tension 

tests are summarized in Table A-2. Given an estimate of the 

uniaxial strength and using a back analysis by Coates (1970), 

an estimate of the intact rock friction angle and cohesion can 

be made (Figure A-2). The majority of "hard" rocks (fluorspar 

is considered as one) generally have intact rock friction angles 

of 40° to 50°. Until further rock testing can be justified, 

we will assume an intact rock friction angle of 45°, which 

corresponds to a cohesion between 1480 and 3300 psi. Geologic 

structures generally have friction angles between 25° and 35° 

and a 5 to 25 psi cohesion. 
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Table A-2 

FLUORSPAR UNIAXIAL COMPRESSIVE & DISK TENSION 
STRENGTHS AND ELASTIC PROPERTIES 

Uniaxial Disk Young's 
Strength Tension Modulus 

Block Sample (psi) (psi) (xl0 6 psi) 

A 1 15,920 464 9.4 
508 

A 2 15,950 527 9.7 
654 

Average of 
Block A 15,940 540 9.6 

B 1 7,160 474 11.9 
444 

Combine 
Average of 
Blocks A & B 11,550 10.80 

A-8 

Poisson's 
Ratio 

0.08 

0.10 

0.09 

<0.01 

0.05 
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The uniaxial compressive strengths of intact core 

are also used for comparison with other mines and for esti-

mating operating cost. Based on field observations and experi-

ence, an estimate of the range of strengths has been made: 

Estimated Strengths 

Average Minimum Maximum 
Rock Type (psi) (psi) (psi) 

Hornfels 10,000 6,000 16,000 

Quartzite 15,000 8,000 25,000 

Fluorspar 11,000 4,000 18,000 

Unaltered Diabase 20,000 10,000 30,000 

Altered Diabase 2,000 ° 5,000 

The rock mass friction angle is calculated as follows: 

RxMq, = (% IRx/lO 0) (IRx¢) + (%FRx/lOO) (F¢) , 

where 

RxM¢ = rock mass friction angle . 

%IRx = percent intact rock 

IRx¢ = intact rock friction angle 

%FRx = percent of fractured rock 

and 

F¢ = friction angle of geologic structure. 
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The rock mass cohesion is calculated in a similar manner. 

The critical structures for pillar design are those parallel 

A .... 12 

to the vein, joint set 17.7 (Figure A-3a). As has been observed, 

when exposing an up-dip face, blocks will slide out along clay­

filled joints and faults parallel to the vein. Consequently, 

the pillars should be continuous from the top of the deposit 

down to the bottom. Failure could also occur along sets 6.4 

and 13.8 (Figure A-3b) , if they were daylighted. Designing 

for a 10 ft. wide vein, pillar widths greater than 10 ft. will 

have only a limited number of these two structures daylighted. 

Sets 13.8 and 8.8 or 13.8 and 6.4 could produce a wedge geometry 

of limited length for failure. Based on the length and spacing 

data, and for pillar widths greater than or equal to stope 

heights, we assume that a failure path would be composed of 

50% geologic structure and 50% intact rock. Then, the anti­

cipated range of rock mass strength properties for the fluor­

spar is: 

friction angle = 35 0 to 40 0 

and 

cohesion = 740 to 1660 psi. 

Pre-Mine Stress Field 

The pre-mine stress is the most difficult parameter 

to determine. The pre-mine stress field is used in conjunc­

tion with the geometry of the mine layout to calculate the 
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load on the rock pillars. It can be measured using an over­

coring technique, but this method is expensive (+$20,000). 

A-13 

In the absence of direct measurements, the pre-mine stress 

field can be estimated by using the elasticity theory, hydro­

static stress, and geologic structure. 

Using the theory of elasticity, and assuming the 

principal stress is caused by gravity, that is, the vertical 

stress is equal to the weight of the overburden rock, the 

horizontal stress is 1/3 to 1/2 the vertical stress. However, 

we do not consider the rock mass at McFadden Peak elastic 

because of the past tectonic events. 

Another method for estimating the pre-mine stress 

field is to assume a hydrostatic state, that is, the stresses 

are equally applied in all directions and are equal to the 

overburden stress. This approach can be justified when the 

rocks were either formed in a liquid state or deposited in 

water, a hydrostatic stress condition. 

The pre-mine stress field can often be predicted from 

geologic structure because geologic structures result from 

the action of stress fields on rock. Based on empirical data 

and the knowledge that the vein 'was originally a normal type 

fault, the principal stress is probably parallel to the strike 
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of the vein and slightly greater than the overburden stress. 

Minimum principal stress is probably normal to the fault and 

less than the overburden stress. The intermediate stress 

would be down-dip of the fault and equal to the overburden 

stress. In those areas where recent faulting that cross cuts 

the vein has occurred, the principal stress orientation would 

probably line up with these younger faults. 

The hydrostatic and geologic structure analyses would 

predict similar stress magnitudes. For this study, we will 

assume a hydrostatic stress field for estimating stress mag­

nitude. Because of the possibility of slightly higher stresses 

parallel to the strike of the vein, where possible an opening 

in the rock should be oriented so that its minimum cross-section­

al area is normal to the strike of the vein. This will help 

minimize the chance of high stress concentrations. 

Stope Dimensions 

Stope height depends on ore thickness and equipment 

limitations. Minable vein thicknesses range from 3.0 to 

12 ft., with an average of 5 ft. For this study, we have 

used a height of 10 ft., which will include most areas along 

the vein. Stope length and width depends on the method of 

mining and the stability of the rock above the stope. 
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In the proposed mining system, each stope will begin 

as a 10 ft. wide raise and will then be mined in 18 ft. incre­

ments along strike on each side of the raise. This means 

stope widths of 45 ft., 82 ft., and 118 ft., etc., would be 

preferred. Stope lengths of around 300 ft. are anticipated, 

based on the current ore reserve limits. 

For stopes that are at least 1.5 times as long as they 

are wide, the stability of the stope is a function of width 

only. Rock above the stope can be divided into two zones for 

stability purposes: immediate roof and intermediate roof. 

The intermediate roof is defined by the pressure arch 

(Figure A-4) and is the result of the ability of the rock mass 

to transfer stress to the nearest load-carrying support. The 

maximum width of the pressure arch depends on the maximum 

transfer distance (Figure A-4). Currently, there is no equa­

tion to calculate this maximum transfer distance. The only 

available data is from existing mines that have "measured" 

this distance. Field measurements from European coal mines, 

French iron mines, and a United States sedimentary copper 

deposit indicate that , a relationship exists between depth 

and the maximum transfer distance (Figure A-5). However, 

each rock mass has a different depth versus maximum transfer 

distance correlation, and the deposits which have been measured 
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to date are all near horizontal beds. One stope in the present 

mining operation at McFadden Peak has a width of approximately 

4,5 ft., indicating the maximum transfer distance is at least 

22.5 ft. Based on our field observations, stope widths of 

other near vertical vein mines, and the maximum stress transfer 

distance, we feel a maximum transfer distance of between 25 -

75 ft. is likely, that is, unsupported spans of 50 to 150 ft. 

are possible. 

The rock under the pressure arch is the immediate roof; 

it will be destressed, and stability will be controlled by 

geologic structures. Figure A-6 shows that the vertical struc­

tures, sets 18.9, 9.8 and 14.9, and the joint set 2.1, will be 

critical to roof stability. Set 18.9 will probably be the 

major control of the dip of the back. If these structures 

were all parallel to the vein, little loose rock would fall. 

However, because of the variability of dip, some of these 

structures will be daylighted. Therefore, to reduce dilution 

and protect men from falling rock, we recommend 6 ft. rock 

bolting with wire mesh. 

The spacing between bolts is a function of joint 

spacing, shear strength along the joints, and shear strength 

of the rock bolt anchor system. Through model studies, Coates 

suggests that rock bolt spacings should not exceed 5 times the 
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joint spacing when using wire mesh or other support. By using 

Coates' approach and estimating joint spacings of the vertical 

joint sets in hornfels (Table A-I), we predict rock bolt 

spacings of 1.5 to 7.5 ft. 

Using the Scott split set rock bolts, an estimated 

shear strength of 3/4 to 1-1/2 tons per running foot of anchor 

can be attained. For a 6 ft. bolt, if only the last 3 ft. is 

the anchor, a block with 9 to 18 sq. ft. can be carried. Al­

though the miner should determine the actual rock bolt spacing, 

we recommend, as a starting point, a spacing of 4 ft. 

As indicated by the low (0 - 40%) RQD data, the hanging 

wall will be ravellYi therefore, wire mesh is needed. Excessive 

stability problems will occur when blasting breaks into the 

hanging ,vall, thus daylighting a large number of vertical struc­

tures along which failure can occur. Consequently, care should 

be taken when blasting along the hanging wall. 

From this analysis, if a quality rock bolting and wire 

mesh program is followed, the stope width would be more controlled 

by the maximum stress transfer distance than by the stability of 

the immediate back. As a starting point, we suggest 82 ft. wide 

stapes, although widths of 46 to 154 ft. may be possible. 
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Pillar Dimensions 

Pillar stability is a function of the dimensions of 

the pillar, stress conditions, depth, and rock mass strength. 

The load on the pillar is calculated based on tributary-area 

load (TAL), that is, the load on a pillar is equal to the 

total load halfway between the nearest supports. TAL is cal­

culated as follows: 

TAL = (PW + SW) d x y, 

where 

TAL tributary area load 

PW = pillar width 

SW = stope width ( 82 ft. ) 

d = depth below surface ( 300 ft. ) , 

and 

y = density of overburden (1615 lb./ft 2 ). 

Pillars at McFadden Peak should be oriented with their 

long axes down the dip of the vein, because of the high poten­

tial for failure along joints parallel to the orientation of 

the vein, as discussed in the Rock Mass Strength section of 

this report. Therefore, pillar lengths will equal the dip 

length mined, around 300 ft. For long pillars, that is, pillar 

length at least 3 times the width, the stability of the pillar 

depends on pillar height and width. Pillar height will equal 

PINCOCK, ALLm & HOLT, INC. 



A-22 

the stope height, which for this study is 10 ft. 

Using A. H. Wilson1s (1978) pillar analysis, the 

load-carrying capacity of a long pillar was calculated for 

different pillar widths and spacing properties (Figure A-7). 

Through plotting the tributary area load for different pillar 

widths and stope widths, pillar widths with greater load­

carrying capacity than the tributary area load should be 

stable (Figure A-7). 

For an 82 ft. wide stope, a 19 ft. wide pillar would 

be required for the lowest strength properties, and an 11 ft. 

wide pillar would be required for the strongest strength 

properties (Figure A-7). Until additional strength testing 

is made, the choice of pillar dimension is mainly done through 

engineering judgment and operational considerations. For 

initial layout, an 18 ft. wide pillar for 82 ft. wide stapes, 

should be sufficient. 

PINCOCK, ALLEN & HOLT, INC. 



LCC = LOAD CARRYING CAPACITY FOR PILLAR 

TAL = TRISUTARY AREA LOAD 

OVERSURDEN DENSITY = 165 LS/CU FT 
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PILLAR HEIGHT = 10 FT 
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KEY TO DRILL HOLE LOGS 
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gy 
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DRILL HOLE LOG 
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DRILL HOLE LOG 
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COORDINATES 
NORTH EAST 
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DRILL HOLE LOG 
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DRILL HOLE LOG A-65 

COOR COLLAR P 
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K =, , , DRILL HOLE DRILLING PAGE NO. 
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DRILL HOLE LOG A-66 

~ __________ ~CO~O~R~~D~I~I~ATE~:S~ __________ ~COLLAR 
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~ __________ ~CO~O~R~~D~I~II~ATE~S~ __________ ~COLLAR s~os I 

NZ<>W 0 I 
,j,..c./ - C,I ~ 

-,- D I rab I H0LE NO, 
NORTH /1, 000 

PROJECT 
NUMBER / '3 5.0 I 

DA TE 10/1'1../78' 
DR I LLED J.O/"Z.D /7 y 

ELEV, 

LOGS ~ £"1. .-. 
RUN No+- -f;tk~11 

U)CiGED 
BY W. c. ?e.f-e,.y .s 

T- 10 

DRILL La 0 e~/JU HOLE 
RIG "',JY " D I Ar1ETER ;V.x 

DR I LL R,,·t~"'1j {) -"32. ' 
- J) Djf 3Z 1+ 

Lal'f JY (>a,y"'" 

DR ILLER C. E~/,",e( 
PAl'~E NO, 

I OF 'f 

DEPTH 

--
--
--

5--
-~ 

-I-

-I-

-I-

jo-~ 
-f-

-I-

-I-

-I-

15 -f--

-~ 

--
--
-~ 

2.0 _I--

-I-

-~ 

GRAPHIC 
LOG 

-0 .. 
-o 

• 
o 

" 
• 

- o 

• 

• 

• • 
Q --CII • 

o 

-I- --
-I-

2.5 ---

--
-I-

-~ 
o -I- __ 

'30-1-- • b 

-I- - b 

-,-

-I- + 
-I-

J 5-fo-
-I-

-~ 

-I- 4-
-I-

If 0--

--
-I- + 
-I-

-I-

if 5-f-- + -I-

----
-f- t 

I-­

l­

I­

l­

I­

I-­

I-

~ 

I-

l­

I­

l­

I--

~ 

I ~ 

~ 

DESCRIPTION 
FIELD IDENTIFICATION 

CORE R fJll>r 
REC. " 

~; % . REMARKS 
--~------------------~ I _ 

o - :''2.. _ 
J;I a b4...se SO; I _ 
a..... 4' ' we ct t'II we ~ jJlIlha.s e. --

-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-
-
-
-

-
-

I-

-
--
-

l­

I--

-
-
--
l-

I­

l­

I­

I--

-
-
-
I-­

I-

~---+---

"32- 7'f J);a../'a.se - /00 ----------; -
d. 'Jj- O/Ii-"e """,, J me"- ~ -

-
/,vI h r17 - j,1 ~ reO;X Mna-x _ ., ) 

()n f:Y s, ~ ~ ¥Jj .,4;-.s '41/ -
she-As- j)e(oJnI'/J.s~c:( -

d' d~/S/~jr-«!-ed -10 -= 
5; '. .$"0.+-1- bv 'r solId. _ 
10 (;6: I ~ /VI CJ~a..tef.J 
h~d J .{;I""".i t/ {.".~ ~J, -_ /00 
to 7'1- I • -

-
-
-

o 

o 

-

I-­

l­

I-

I­

~ 

'­

I-

l­

I--

Ror~ ~/I/ 
Jh /); ~hl4.J ~ 
-fo ,32. I 

/ sa.cK... 
sea./c...-c 

p~ 

I .:­
N 
C· 
o 
C 
K: , 
A . 
L 
L 
E 
N 

& 
H 
o 
L 
T 

I 
N 
C 

1 
9 
7 
a, 
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DR I LL HOLE LOG 

~ ________ ~C~O~O~R~D~Ir~IA~,T~'E~S __________ ~COLLAR 
t40RTH 
PROJECT 
NUMBER 

DRILL 
RIG 

DEPTH 
GRAPHIC 

LOG 

EAST ELEV, 

DATE LOGS 
DRILLED RUN 

HOLE 
D I At1ETER 

DRILLING 
',1ED I U~' 

DESCRIPTION 
FIELD IDENTIFICATION 

LOGGED 
BY 

DRILLER 

CORE 
REC. ., 

I. 

-~ 

-~ 
" ~ : . ' X-·~ Fe~ 
" " ,", . 

-~ , . . . 
-r- ' , .. '. 

1.55 -r- '.' . " 
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.. . ~.' -- , . 

, . 
-- .' 

J~O-- " .. 
--
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---
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-I-
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-~ 
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-- J-z..c, 95. 5~ I 'Z.. 't- -
~ -
r-

1'1·90 I- J Zq - ,-; 2. 

r-
8·tJ'f 

- /.02 r- 1'32. - 135·5 83.1' -
I-

J~~ 19'.ZZ i/o 7. 20 - /~ 'f'Z. 135.5-
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r- -
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Mcr&ldJel"t Yeq!::. rJu~ff4V'- DRILL HOLE LOG A-73 

COORDI !IATES COLLAR 58'95 I 

HOLE NO. 
p% 

10 ) ~¥2. (€S-r-) N 9"w "T i-I 1= 
t~ORTH EAST 10J 5"lf.-O (~s-f) ELEV. -~6° 

~ N 
DA TE /0/'4./7'1 - 10/17/1, LOGS AE-r / "'2. I T-// 

C .. 
PROJECT 

J3~.OI LOGGED ~ 0 ~~ BY W. c· ~ re.Ys NUMBER DR I LLED "1-/- RUN _ "'1 0 C 

DR I LL!=Pf6 Kor4.f'<.j C -:11' 
K= 

DR I LL L IIH.1ye4N' HOLE L o"Jye4¥ 
, 

PAr,E NO. 
RIG LJ.4- D I At1ETER NX neli~ Doli 1:/+ DI1 ILLER R. LA.. Char.c.e.. / OF A ~ 

L (FT) GRAPHIC 80)( DESCRIPTION CORE R'YJ)I L DEPTH LOG N!}, FIELD IDEHTIFICATION REC. REMARKS E 
A I~ <j'O • 

N ..,. 
6 - ~31 R e -e11t7e,y e-ai ;..4,1 ~ -I- b"'IJI<~1f I- - - & 

-I- zane 
l-

./) j 4."4.S~ .. So;1 - I- a.-t" /~a'. YtO-r4S 
i3~ )( ~ d q,,:s I -A H -l- I-

~4 ' - I- 0 
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5-1-- r- - I-
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-I- - - I- In I) i'tt. h 4. .s ~ N 
-I- - - l- Ta ~~I C . ~ -t- - - I-
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-I- - - I-

-l- I- - I-

-~ I- - I-

-~ I- - r-
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-l- t- - t-

- - - - !-

-- - - !-

-- - - !-
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- I- :- - r-
-I- ~ - r-

-t- I- - ~ 
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-~ ~ - -
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DRILL HOLE LOG 
COORD I IATES COLLAR 

NORTH EAST ELEV. 

PROJECT DATE LOGS 
NUMBER DRILLED RUN 

DRILL HOLE DRILLING 
RIG D I Ar1ETER r.1ED I U~1 

GRAPHIC DESCRIPTION 
DEPTH LOG FIELD IDENTIFICATION 

-~ ~ -
-~ ~ -
-l- I- -
-I- r- -

55-r-- ~ -
-r- r- -
-~ ... -
-I- - -
-- ~ -

,",0-- r-- ---.. 

-- r- -
-I- ~ -
-t- I- -
-l- I- -

'- 5-l"- I-- -
-I- r- -
-- - -
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weQ.rl1~t:/ d'.J'IYfnra-n4--t- I + + l- ) ~-
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-~ + - -
-!- + t - -
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: -~ 
- -

-I- + - -
-!-

-t-
1-
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-~ ...... ~ -
-I-

,.~. _ 99'-1?-7... tjJ3-C (p4ge 3 ) -... '. . , .. 

LOGGED 
BY 

onILLER 

CORE R~D I REC. 
I . IOr/O I 

-
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r-
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I-

~ 

r-
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r-
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-
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/00 0 t-
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DRILL HOLE LOG 
~ __________ C~O~O~R~~D~I~II~A,~ToE~'~~ __________ ~COLLAR 

NORTH 
PROJECT 
NUMBER 

DRILL 
RIG 

DEPTH 

-~ 

--

-~ 

-.... 
-I-

/10 -'r-

-~ 

-~ 

-~ 

-~ 

1/5-'r-
-foo-

--
--
--

11. 0-,--
-I-

-~ 

-I-

/Z5--

--
-I-

-f-

-~ 

'30 -f-­
-foo-

----
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135-~ 

-foo-

-f-

-~ 

-f0o-

EAST ELEV. 

DATE LOGS LOGGED 
BY DRILLED RUN 

HOLE 
D I At1ETER 

GRAPHIC 
LOG 
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DRILLING 
,.1ED I U~1 

DESCRIPTION 
FIELD IDENTIFICATION 

DRILLER 
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REC. 
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~ 4/;;.f::) LJ'j - ral'1 ) ;)1fe.,,~dq', = 
~ 771';' jam/I? w/ 5;'r/~Icdt.,fL-

'-

I- era c): 5 / oc..a ) :( h tiel'll -
) 

I- . 

-
-tI flu"",? 7?.x-rVlt-e. -

-
'-

--
- ~ 

A-75 

HOLE NO. 

T -} J 

PAGE NO. 
3 OF 

L,.70 0., J 

f-' "'. (;(.$ 

/n1)~~1e 
rt.d F~tJX 

B~d.s 75° 

{~75 .oh btis 

< 
w(Q/c y~/-b"." 

;:eo x 
bJeet//;1cJ o~ 

.;:;. S' • 

p : 
I o­

N 
C ... 
o 
C 
K' , 

A· 
L 
L 
E 
N 

& 
H 
o 
L 
T 

I 
N 
C 

1 
9 
7 

~ 



DRILL HOLE LOG A-76 

~ __________ ~CO~O~R~:D~I~r!~ATE~:S~ __________ ~COLLAR H()LE NO. 
r~ORTH 

PROJECT 
NUMBER 

DRILL 
RIG 

DEPTH 

-~ 

-I-

-I-

--
IS 5-~ 

-t-

-~ 

-I-

-r-
If:, 0-1--

-I-

-l-

I' 5-1--
-r-

--
--
--

170-_ 

--
-I-

-r-
-r-

GRAPHIC 
LOG 

. , ., 

'-X 

--­:::::::::. ... 

-?C:" . 

.. ~ 
""'-

. .,..-:...., ., -, .. 

'f?': 
~'" 
~ . 

· .' .'. 
'~." 

~' .... 

EAST ELEV. 

DATE LOGS 
DRILLED RUN 

HOLE 
D I At1ETER 
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7t-

~ 

I-

g t-

----
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t-­

r­
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:­

:-
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DRILLING 
r·1ED I U~1 

DESCRIPTION 
FIELD IDENTIFICATION 

LOGGED 
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DRILLER 

CORE I 
REC. 
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COORD I ~ATE ~ 
NORTH EAST 
PROJECT DATE 
NUMBER DRILLED 

DRILL HOLE -
RIG D I At1ETER 

GRAPHIC Box. 
DEPTH LOG NO. 

¢ SlOIc,.l.J . , 
~ ZON£' AltmS 

-~ -' ~,'. '-

-- . ". < ~ 

-- .~' 
I-, :-:-:'. ;( -- I-

205- ~ ~ i-- ' """,,, , ~ . . 
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_i- -- ~ 
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DESCRIPTION 
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DRILL HOLE LOG 
COORD I flATES COLLAR 5' ~oS I 

t~ORTH 1/ 000 EAST /0 , 960 ELEV. _1r.}:W 
PROJECT DATE /0/27/79 LOGS 
NUMBER 13!t· 0/ DR I LLED /o!3tf>j'"1r RUN 

DR I LL L an3Y~~ J.f4- HOLE 
fix 

DRILLING 
RIG D I Ar1ETER '·1ED I U~1 

GRAPHIC DESCRIPTION 
DEPTH LOG FIELD I DEf.JT I F I CAT ION 

-f- I- -~ 

-~ C. I- -
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o~ 
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-I- -.-. I- -
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RE~1AR KS ~ 

I-

~-72 
/ -

- f(oc/::.. b,1: 
~ 

-
I-

I-

I-

>-

I--

I-

I-

I-

l-

I--

I-

"-

"-

I-

i--

I-

l-

I-

-
-
-
-
I-

l-

I--

I-

-
-
I-

I--

I-

I-

I-

I-

>--

I-

I-

I-

I-

I--

I-

I-

I-

I-

p~ 

I :' 
N 
c­
o 
C 
K' , 

A 
L 
L 
E 
N 

& 
H 
o 
L 
T 

I 
N 
C 

1 
9 
7 
8 • 



DRILL HOLE LOG 
~----____ ~C~O~O~RD~~I~A~\T~'E~S __________ ~COLLAR 
NORTH 

PROJECT 
NUMBER 

DRILL 
RIG 

EAST 

DATE 
DRILLED 

HOLE 
D I At1ETER 

DRILL 

LOGGED 
BY 
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A-92 

• 
O. T. SMITH ROAD CONTROL POINT DATA 

COORD IN1~ TES 
STATI()N 'RF.A RT~'I1~ nT~'T'~Nr'R N ()R ~ 'R ()R t'l 

nT-1 9 '0906.016 10927.115 
S54-57E 159.0 

Pt.1 10814.704 11057.281 
S33-S3E '75.0 

'Pt :I. 10669.423 11154.844 
S 9-20E 239.0 

P ..... 3 10433.587 11193.604 
S36-52E 119.0 

Pt.4 Rd. 10338.383 11264.999 

Pt.3 10433.537 11193.604 
N66-43E 184.0 

Pt.5 10506.318 11362.619 
Nl?-l-=iF. i 11 _ 0 

Pr h 1061.7 lQ9 1143') 523 
N5i-19E 117.0 

Dr 7 10680 288 11530.998 
N39-S7E 148.0 I 

Pt 8 I 10793.746 11626.032 I 

I N76-22E 196.0 
"Dt 9 I 10839.944 11816.509 

N67-50E 200.0 
Pt.l0 10915.405 12001.727 

S32-05E 120.0 
NE Cor. 14A 10813.732 12065.465 

Pt.10 10915.405 12001.727 
S62-52E 142.0 

Pt.12 10850.644 12128.100 
S75-56E 137.0 

"Dr 11 10817 346 12260 991 
~C:;1-17~ 34.0 

SE Cor.H.24 10797.019 12288.246 

*This page refers to Figures 5-3 & 6-2 

PAH #4 


